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NTEREST in dissolving blood clots is widespread. This study was made 

in an attempt to evaluate the effectiveness of 2 commercial preparations 
on fresh venous thrombi and to assess disturbances in coagulation following 
infusion of this proteolytic enzyme. Other studies of fibrinolysin in experi- 
mental thrombosis have been earried out in the jugular’ and the femoral? veins 
of dogs. Venous occlusion of a segment of small bowel has been used because 
change in the appearance of an obstructed bowel segment gives the observer 
eriteria for determining the speed and degree of clearing of the venous ob- 
struction. 

MATERIALS 


Fibrinolysin preparations* were unstable in solution and were therefore 
mixed immediately before infusion in varying amounts in 500 ¢.c. of 5 per cent 
dextrose in water. The total dose was given intravenously over a period of 
1, 2, or 3 hours into the animal’s foreleg. 

Bovine thrombint used in forming thromboses was mixed in a concentra- 
tion of 40 U. per cubic centimeter in saline. This preparation could be 
frozen and thawed repeatedly, with only mild loss of activity. A stock solution 
of thrombin, 40 U. per cubic centimeter, for use in the laboratory was made by 
dissolving the dry powder in an appropriate amount of 50 per cent glycerol. 
This stock solution was stable at room temperature. 


Barbital buffer was made by dissolving 2.76 Gm. of diethyl barbituric 
acid, 2.06 Gm. of sodium barbiturate, and 7.30 Gm. of sodium ehloride in 
a liter of distilled water. The buffer was pH 7.5 by glass electrode. 
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Bovine fibrinogen* was dissolved in buffer in a 0.6 per cent concentration, 
filtered to remove a small insoluble residue, and frozen in 10 «.c. lots. Solutions 
after thawing were stable at room temperature for 6 to 8 hours and were 60 
per cent clottable by weight. 

Simplastint was used in the performance of prothrombin time determina 
tions. 

Heparint in both oil and aqueous media was used. 


LABORATORY STUDIES 


Blood was collected from animals before, during, and at various intervals 
after infusion of fibrinolysin preparations. At first, a femoral vein was ean- 
nulated but the blood specimens collected in this manner gave erratic results. 
The final method was to collect blood by repeated fresh venipuncture from 
either the jugular or femoral veins. Plasma specimens were mixed 1 to 9 
with 0.2 molar sodium oxalate in 100 by 8 mm. prothrombin tubes. Serum 
specimens were collected in 100 by 13 mm. serology tubes. As soon as the 
latter specimens clotted, both tubes were centrifuged at 2,500 r.p.m. for 10 
minutes and the supernatant fluid was separated and frozen. In the earlier 
studies, laboratory determinations were performed shortly after blood samples 
were obtained. Duplicate studies showed that plasma and serum specimens 
could be frozen for 24 to 48 hours without change in fibrinogen, prothrombin 
time, or loss of significant lytie activity. The majority of examinations were 
performed on specimens which previously had been frozen for convenience. 

Fibrinogen determinations were performed by the biuret method’ using 2. 
per cent calcium chloride to precipitate fibrin from oxalated plasma. Values 
were obtained by referring to a curve prepared on semilogarithmic paper 
relating per cent transmittance at 540 mp» in a Beckmann spectrophotometer 
to milligrams of fibrinogen. By this technique, values below 50 mg. per cent 
could not be recorded. A quantitative level of fibrinogen does not give a full 
analysis of the proteolytic effect of fibrinolysin. Many of the specimens 
obtained during infusion did not give clots with tensile strength, but only 
small fragments of fibrin which could not be spun around a glass rod and 
had to be collected by centrifugation. 

Venous clotting times were determined by the Lee-White method, the only 
modification being that the test was performed at room temperature. 


Prothrombin times were determined by adding 0.1 ¢.c. of oxalated plasma 
to 0.2 ¢.c. of Simplastin in a water bath at 37° C. and determining time of 
clot formation with a stop watch. Eight to 9 seconds is normal in the dog. 
For purposes of reporting, seconds were converted into percentage from a 
curve made by dilution of several pooled specimens of canine plasma. 


3) 
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Measurement of lytic activity was done in several ways. All measurements 
were performed at 37° C. without agitation, as this was found to fragment 
the clot before actual dissolution. (1) Lysis time of spontaneously clotted 
blood was insensitive. (2) Oxalated plasma clotted with thrombin behaved 
like whole blood, although the end point was easier to estimate, as this could 
be determined by watching trapped air bubbles in the clear clot. When 
all bubbles had risen to the meniscus of the clot, it was considered lysed. (3) 
Serum with added fibrinogen clotted with thrombin was similar, in that it 
could be demonstrated only when lytie activity was at its height. (4) Activity 
of the euglobulin fraction gave the most consistent results. 

The reason for using the euglobulin fraction rather than whole serum or 
plasma is beeause of the enhanced activity which can be demonstrated when 
inhibitor in albumin is removed. It is merely a method for measuring smaller 
changes in fibrinolytic activity. The euglobulins are a heterogenous group 
of proteins which migrate with the gamma fraction (Fig. 1). They are sep- 
arated from 0.5 e.c. of canine serum in a 100 by 8 mm. glass tube by 


Canine Serum 


Canine Serum Euglobulin 


- 


Fig. 1—Paper electrophoretic tracing of canine serum and canine serum euglobulin fraction. 


acidification by the method of Milstone®’ to pH 5.3. After precipitation in 
the ice box for 30 to 60 minutes, the specimen is spun for 5 minutes at 
2,500 r.p.m. and the supernatant fluid decanted. The precipitate is dissolved 
in 0.5 «ee. of buffer and mixed with 0.5 ¢.c. of 0.6 per cent fibrinogen solution 
and clotted with 1 U. of thrombin. The clot is incubated at 37° C. and the 
time of lysis is determined as with plasma or serum. 

In the dog, spontaneous activation of profibrinolysin occurs when the 
euglobulin fraction is separated. Therefore, even before fibrinolysin treatment, 
lytie activity of a degree can be demonstrated, which varies from animal to 
animal and according to conditions of the test system. Arbitrarily, it was 
decided that lysis in less than half of the time of the control specimen drawn 
before fibrinolysin treatment indicated enhanced activity. 

Plasma euglobulin is not used for several reasons. Lytie activity can 
be related to the anticoagulant. Citrated plasma euglobulin shows more ac- 
tivity than oxalated plasma euglobulin. When heparin is the anticoagulant, 
lytie activity is inhibited. In addition, dissolution of the clot is related to at 
least 2 other variables, the activity of the enzyme present and the amount 
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of fibrinogen in the substrate contributing to the fibrin clot. It was found 
that inereasing the fibrinogen concentration lengthened the lysis time arith- 
metically. Plasma euglobulin contains fibrinogen. This is not a constant, as 
it tends to fall following fibrinolysin infusion. When using plasma euglobulin, 
one cannot be sure whether shortening of the lysis time during infusion of 
fibrinolysin is due to increased lytie activity or lowering of the concentration 
of substrate from fibrinogenolysis. 

In assaying the various preparations it was found that if fibrinolysin 
was added after the clot was formed, lysis oceurred after a much longer period 
than if fibrinolysin was incorporated into the solution before clotting. By 
analogy, homogeneous mixing of the euglobulin fraction with the fibrinogen 
solution must be accomplished or part of the clot will lyse before the remainder, 
causing inconsistent results. 


Assay of the fibrinolysin preparations was necessary because units of 
activity of the enzyme differed between the 2 manufacturers. The preparations 
were compared in this study by determining lysis time of a bovine fibrinogen- 
thrombin clot mixed with the commercial preparation at 37° C. 
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Fig. 2.—Assay curves of 2 fibrinolysin preparations. Each preparation was assayed 
against 2 standard clots represented by broken and solid lines. The vertical columns represent 
time of lysis; in minutes for Actase and seconds for Thrombolysin. The figures in the horizon- 
tal column represent milligrams of fibrinolysin contained in the 1 c.c. clot. 


The clots were prepared by adding varying amounts of fibrinolysin dis- 
solved in 0.1 to 0.6 e.c. of buffer to 0.3 ¢.c. of bovine fibrinogen in buffer in a 
100 by 8 mm. clean glass tube. Sufficient barbital buffer was added to make 
the total amount 0.9 ¢.e. and the solution was clotted with 0.1 ¢.c. of bovine 
thrombin (one unit). A stop watch was started on addition of thrombin and 
stopped when all trapped air bubbles in the clot had risen to the meniscus 
of fluid. The assay curves in Fig. 2 appear as ealeulated from several deter- 
minations. At first, milligrams of one preparation were compared with milli- 
grams of another preparation. This did not prove satisfactory, as preparations 
varied from lot to lot in fibrinolytic units per milligram, because of introduction 
of varying amounts of glycene in lyophilization. Finally, units of one manu- 
faecturer were compared with units of the other manufacturer. Against the 
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clot prepared in the aforementioned manner, the Ortho fibrinolytic unit was 
about one tenth as active as the Merek Sharp & Dohme (MS & D) fibrinolytic 
unit. This does not mean that one preparation is actually more active than 
the other but only that unitage at the present time is arbitrary. When assays 
were performed using human plasma clotted with bovine thrombin as a substrate, 
the Ortho fibrinolytic unit was one fifth as active as the MS & D unit. How- 
ever, human plasma is not a good substrate for use in an assay because only 
a few points on a curve ean be obtained. With a large amount of both fibrino- 
lysin preparations, no clotting occurs because of fibrinogenolysis. With smaller 
amounts, no lysis of the clot occurs, even after a prolonged period, because 
of the presence of large amounts of inhibitor in the plasma. 

There is no assurance that in vitro activity against an artificial clot bears 
any relationship to in vivo activity. 


ANIMAL STUDIES 


There are at least 3 factors which are known to predispose to thrombosis: 
change in the intimal lining of the vessel, slowing of blood flow, and change 
in coagulability of the blood. Stasis itself is not sufficient, as blood will remain 
fluid between ligatures for a considerable time unless infection occurs in the 
tissues surrounding the vein.® The first attempts at forming a thrombus were 
made with sodium morrhuate. This fatty acid is irritating and presumably 
causes thrombosis by causing liberation of thromboplastin from the vein wall. 
In order to cause thrombosis in this manner the vein must be clamped longer 
than 4 hours, which was the longest period of observation. Trauma to the 
collapsed vessel caused a thrombus to form but the clot was usually smaller 
than the normal size of the vein and did not prevent blood flow. When thrombin 
was injected into an area of vein occluded by clamps, a palpable and visible 
thrombus regularly formed. The clot was not adherent to the vein wall and 
slipped away on occasion when the occluding clamps were removed. Because 
ot the lack of consistent success, an attempt was made to combine methods in 
order to approximate the previously mentioned conditions. First, a segment 
of vein, 4 to 5 em. in length, was dissected gently from the surrounding mesen- 
tery. The vein was collapsed between clamps and traumatized by striking it 
with an instrument handle against a flat ribbon retractor. About 20 U. of 
bovine thrombin (0.5 ¢.c.) was then introduced through the wall of the vein 
through a No. 26 needle. The amount was not constant, as the determining 
factor was to fill the collapsed vein about half full with thrombin in saline 
mixture. The distal clamp was slowly removed, allowing the vein to fill to 
its full capacity and then reapplied and left for 20 to 30 minutes. A ligature 
was placed just beyond the proximal clamp to narrow the lumen to about one 
half its normal size, as an added measure in preventing the thrombus from 
slipping away. When clamps were removed, a firm thrombus was visible and 
palpable and was usually larger than the vein segment in which it had been 
produced. Criteria used for determination of an occluding thrombus formation 
were of several varieties. On palpation, a firm, nodular swelling could be felt 
in the region of the thrombus. Transillumination of the vein shows the size and 
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extent of the clot readily. When fluid blood was drawn back toward the bowe! 
the collapsed vein did not fill with blood running through the obstructed seg 
ment. Finally, when the collateral circulation adjacent to the bowel was tied 
off, the bowel segment turned cyanotic from obstruction of venous return. 


A number of animals underwent thrombosis without treatment in order io 
determine the effects of the thrombosis itself. First, the common mesenteric 
vein in the region of the splenic branch was thrombosed by mobilizing the 
transverse colon downward. Following this, the entire small bowel and colon 
became spastic, cyanotic, and the animal died in 3 to 314 hours. If a lower 
segment of vein was chosen so as to occlude the venous return from just the 
small bowel, the animal died from 7 to 8 hours later. When the venous return 
from one half the small bowel (4 feet) was occluded, the animal lived about 18 
hours and died, as did all the former animals, in shock from blood and plasma 
loss into the lumen of the bowel and peritoneal cavity. This mechanism of 
death by strangulated obstruction has previously been described in dogs.' 
Finally, single segments of vein were occluded in the ileum. In this area, a 
single vein supplies between 6 and 12 inches of bowel and is conducive to throm- 
bosis because the vascular areade has no side branches. The collateral circula- 
tion is from the marginal artery and vein along the bowel and when this is tied, 
following thrombus formation, this segment quickly becomes spastic, cyanotie, 
and the mesentery shows congestion and edema to a striking degree. The patent 
artery can be seen to pulsate for 30 to 60 minutes after occlusion of the vein. 
Eight animals underwent thrombosis in this area. None died in 24 hours. At 
autopsy, following sacrifice 24 hours after thrombosis, no animal showed a 
tendency toward dissolution of the clot or spontaneous resolution of the com- 
promised bowel circulation. No animal in this group showed enhanced euglobulin 
activity. 

A second group of 9 animals were anesthetized and given fibrinolysin in 
doses varying between 25,000 and 50,000 MS & D units and 100,000 to 250,000 
Ortho units. No thromboses were formed. Twenty-four hours later all dogs 
were sacrificed. There were no deaths. Blood studies during and for variable 
periods after infusion included venous clotting time, prothrombin time, fibrino- 
gen, white count and differential, hematocrit, and euglobulin lysis time. Table I 
gives the laboratory values for 1 dog of this group. 

The majority of dogs showed an initial fall in white count lasting for 1 to 
2 hours. All showed a later leukocytosis which rose over a 24-hour period to 
2 to 3 times the base line reading. No consistent change in hematocrits occurred. 
Changes in fibrinogen, prothrombin time, venous clotting time, and euglobulin 
lysis time were similar whether thrombosis were formed or not and will be 
mentioned later. Five dogs received sufficient fibrinolysin to render the blood 
ineoagulable for periods ranging from 2 to 5 hours. During this time of induced 
hypofibrinogenemia, sites of fresh venipuncture oozed. Pressure for several 
minutes was sufficient to stop this bleeding. Examination of the animals at 
autopsy the following day did not reveal areas of visceral hemorrhage in any 
animal. 
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TABLE I. HEMATOLOGIC CHANGES IN A DoG GIVEN FIBRINOLYSIN But Not 
SUBJECTED TO THROMBOSIS 








VENOUS 

WHITE CLOTTING PRO- PLASMA _ | EUGLOBULIN 

HEMATO- BLOOD DIFFER- TIME THROMBIN | FIBRINOGEN |LYSIS TIME 
CRIT CELLS ENTIAL (MIN. ) PERCENTAGE | (MG. %) (MIN. ) 


51 8,500 73/17 8 100 300 120 
47 7,500 78/22 Ine. >5 12 
47 8,500 74/26 Ine. >5 15 
50 12,800 90/10 Ine. >5 26 
43 12,400 86/14 Ine. >d5 45 
42 14,200 90/10 Ine. >d5 90 





43 14,400 88/12 >d 130 
43 15,400 90/10 15 160 
45 21,700 98/2 25 310 
48 25,100 95/5 100 410 
HH No. 417. Operation: none. Dose: 50,000 MS & D, 1,700 fibrinolytic units per kilo- 
gram per hour from 9 A.M. to 11 A.M. Sacrificed: no hemorrhage. 





The third group consisted of 23 animals in which segments of small bowel 
mesenteric vein were thrombosed and fibrinolysin treatment given. As men- 
tioned before, the venous return of between 6 and 12 inches of ileum was oc- 
eluded. Usually treatment was started 60 to 90 minutes after thrombosis when 
good obstructive signs had developed in the bowel wall. The longest time be- 
tween thrombosis and beginning of treatment was 5 hours. Lysis of the thrombus 
was determined by inspection. First, the tributary veins draining into the oc- 
cluded vein became less distended and less tortuous and lost their dark color. 
Then the bowel, which was cyanotic and spastic, began to resume its normal color 
and relaxed, and finally, the black thrombus which had been formed became 
smaller, beginning at the ends, and finally seemed to fragment. Small fragments 
of clot were seen to be adherent to the vein wall in several areas, with inter- 
vening blood flow. At the end of the process, the vein had resumed its normal 
caliber so that the proximal partial occlusion ligature was very lax. Because of 
the attendant trauma associated with thrombus formation, the vein remained 
dull, never quite resuming its former glistening appearance. Fig. 3 shows the 
gross appearance of lysis of a thrombus and the attendant bowel changes. It is 
possible that the final stage is the slipping away of small clot fragments, but 
this was not detectable by gross examination, and no dog showed evidence of 
pulmonary infaretion. The speed of lysis of the clot and return of color to the 
bowel was dependent upon fibrinolysin dosage. With larger doses, the bowel 
usually began to resume its normal color before the infusion was finished and 
the thrombus was lysed 2 to 3 hours after the end of the infusion. With smaller 
doses, the whole process took longer. Some dogs were observed with the peri- 
toneal cavity open for 8 or 9 hours. Care was taken to prevent drying of the 
intraperitoneal contents during observation. It was found that the degree of 
return of normal appearance of the bowel was related to length of time of 
venous occlusion. If occlusion was longer than 7 hours total, normal bowel color 
did not return although resolution of venous obstruction could be seen. Twenty- 
four hours later all but 2 surviving dogs were sacrificed, the bowel was examined 
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and the vessel sectioned for gross examination and then fixed, alone with 
portion of bowel, in formalin. Microscopie examination occasionally showed 
small fragments of clot still adherent to the intimal lining of vessels which 
appeared to be free of clot grossly. 

Examination at autopsy of 3 of the dogs treated earlier in the series demon- 
strated rethrombosis. In 1 case the clot had propagated which caused infaretion 
of adjacent loops of ileum. Subsequent to this, heparin was given after the end 
of the fibrinolysin infusion without further episodes of rethrombosis. Two 
animals developed complications from heparin. At first, 200 mg. of heparin in 
oil was given as a single intramuscular injection. Two of 4 dogs treated in this 
manner showed late hemorrhage from the wound, occurring 18 and 20 hours 
after completion of fibrinolysin treatment. Blood studies at that time showed 
no enhaneed euglobulin activity, normal fibrinogen ranges, and infinite clotting 
times. Subsequent to this, aqueous heparin, 1.5 mg. per kilogram every 6 hours, 
was given intramuscularly without untoward effect. In 14 dogs treated in this 
manner, no hemorrhage occurred due to the use of heparin. 

The problem of dosage of fibrinolysin in the dog is largely academic, as 
there probably is no relation to dosage in the human being. It cannot be given 
in milligrams of preparation, as fibrinolytic activity per milligram of material 
varies from lot to lot, as well as for each manufacturer, No attempt was made 
in the 32 dogs given fibrinolysin to ascertain minimal dosage schedules. Fifteen 
animals received Ortho fibrinolysin and 17, MS & D material. Two thousand 
to 3,000 Ortho fibrinolytic units per kilogram per hour and 600 to 1,000 MS & 
D fibrinolytie units per kilogram per hour gave satisfactory euglobulin activity. 
Usually lysis time was shortest at the end of the infusion and then progressively 
lengthened so that enhanced lytie activity was no longer present 3 to 4 hours 
after the end of the infusion. Infusions of 3 hours’ duration gave longer total 
lytie activity than 1-hour infusions. Lytie activity does not seem related to in 
vivo fibrinogen concentration. In some eases good lytie activity was present 
with little depression of fibrinogen. Conversely, with larger doses, lytic activity 
disappeared several hours before reappearance of measurable fibrinogen in the 
plasma. Total doses in the 23 cases in which thrombosis was performed ranged 
between 25,000 and 75,000 MS & D units and 75,000 and 300,000 Ortho units. 
Fall in fibrinogen was not related to the total dose. It was most closely related 
to the number of units per kilogram of body weight per hour of administration. 
In other words, the same dose was more fibrinogenolytic in a smaller than a 
larger animal, and the same dose was more fibrinogenolytie if given over a 1-hour 
period than a 2- or 3-hour period. The lowest fibrinogen levels usually occurred 
2 to 4 hours after the beginning of the infusion and the fibrinogen then tended 
to return toward normal, arriving there about 6 hours later and usually rising 
above the pre-infusion level, rather like a rebound phenomena. The return ot 
fibrinogen after its destruction is possibly due to acceleration of liver production. 
The fastest initial fall and greatest length of hypofibrinogenemia occurred in an 
apparently healthy dog which, 1 month prior to infusion, had a portacaval shunt 
and diminished portal cireulation. Doses around 1,500 U. per kilogram per 
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Fig. 3.—Serial changes in the bowel wall and appearance of lysis of a thrombus in a vein of 
a dog treated with fibrinolysin. 
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hour of the MS & D preparation quite regularly lowered fibrinogen below 100 
mg. per cent. About 5,000 to 6,000 Ortho units per kilogram per hour had the 
same effect, although not quite as regularly. 

There was poor correlation between lengthening of venous clotting time and 
fall of fibrinogen. Frequently after infusion of the first portion of fibrinolysin, 
the venous clotting time transiently shortened from a normal of 5 to 6 minutes 
to around 2 minutes. This may represent a temporary hypercoagulable state 
due to introduction of foreign protein. As fibrinogen fell, the venous clotting 
time did not change markedly. When fibrinogen became undetectable, the venous 
clotting time was infinite. 

It was found that lengthening of the prothrombin time usually mirrored a 
fall in fibrinogen and, as fibrinogen returned toward normal, the prothrombin 
time shortened. It is hard to see why this semiquantative correlation should 
occur since change in prothrombin time is dependent upon multiple factors, 
only one of which is fibrinogen. From a practical standpoint, prothrombin time 
determinations are easily and quickly made while fibrinogen levels are more 
difficult to obtain in the routine laboratory. Investigation in the human being 
of the changes in fibrinogen and prothrombin time following fibrinolysin treat- 
ment is underway. 

In Table II are the hematologic changes and gross findings of an animal 
which underwent fibrinolysin treatment following venous thrombosis. 


TABLE II. HEMATOLOGIC CHANGES AND GROSS FINDINGS IN A DoG SUBJECTED TO 
THROMBOSIS AND SUBSEQUENTLY TREATED WITH FIBRINOLYSIN 








VENOUS 
CLOTTING PRO- PLASMA 
TIME THROMBIN | FIBRINOGEN | EUGLOBULIN 
TIME (MIN. ) PERCENTAGE | (MG. %) |LYSIS TIME COMMENT 


A.M. 100 195 105 Thrombus formed 

A.M. Fibrinolysin 11 A.M. to 12 P.M. Bowel cyanotic, thrombus in 
place 

A.M. Ine. >5 80 10 Capillary bleeding 

P.M. Ine. ae .., 60 14 Bowel normal, capillary bleed- 
ing 

P.M. Ine. >5 75 100 Thrombus lysed, incision closed 

P.M. 18 9 80 190 Incisional bleeding ceased 

P.M. 5 21 125 255 Heparinized 

A.M. 6 50 255 395 Sacrificed: bowel viable, clot 
lysed 








HH No. 363. Operation: mesenteric thrombosis. Dose: 300,000 Ortho, 8,300 fibrinolytic 
units per kilogram per hour. 


Experiments on 6 of 23 dogs were failures, in that the thrombus showed no 
evidence of lysis. Four of these were early experiments and the animals re- 
ceived inadequate amounts of fibrinolysin by present criteria. A fifth dog 
received only one third of the infusion intravenously, the remainder infiltrating 
into the foreleg. Euglobulin activity was not increased. The sixth dog 
died from hemorrhage from the operative area shortly after completion of 
the infusion. Good lytic activity was present in the euglobulin fraction. No 
fibrinogen could be detected in the blood. Probably beeause of exsanguination, 
sufficient time had not elapsed for lysis of the clot to be apparent by gross means. 
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It is assumed that a small tear in the vein was not recognized and made itsel! 
apparent when the blood became ineoagulable. Two other dogs showed on) 
partial lysis of the clot but complete clearing of venous obstruction of the bow: 
segment. Both animals were thought to have received adequate fibrinolysin 
but neither showed marked euglobulin activity. This seems to indicate variation 
in response to fibrinolysin. In later experiments, dosages were progressivel\ 
inereased. If lysis did not appear after a period of 2 to 3 hours, more fibrino 
lysin was given so that in the final 12 dogs every clot was lysed. This is ai 
artificial situation as, under clinical conditions, one cannot follow progress o| 
clot lysis by direct vision. Several dogs required double the ordinary dose 


















before dissolution of the elot occurred. 

In animals undergoing operation, hemorrhage was the main difficulty. Fol! 
lowing lysis of the thrombus, the small hole made in the vein for introduction 
of thrombin usually began to bleed, and it was surprising to see the amount of 
blood which could exude from a No. 26 needle hole. Bleeding also oeceurred from 
the eut edge of the mesentery, from the traumatized vein wall, and from the 
wound edges. Attempts were made to control the bleeding by closing the 
mesenteric fat around the vein and closing the wound with a running suture. 
In eases in which the blood was inecoagulable, oozing persisted from the wound 
for several hours until the blood again became coagulable. No dog received 
blood or fibrinogen. Three dogs, which seemed to have stopped bleeding at the 
time of closure, died postoperatively from intraperitoneal hemorrhage. In 2 
other dogs, bleeding was uncontrollable and ligation of the bleeding vascular 
pedicle and segmental small bowel resection, with end-to-end anastomosis, was 
performed. At the time of resection the eut ends of the bowel bled copiously, 
but at completion of the anastomosis bleeding seemed to have stopped, although 
the edges of bowel were not in direct view, having been turned inward. These 
were the 2 which were not sacrificed 24 hours later, as there was interest in see- 


















ing what effect would oecur in wound healing. In both animals, there was heal- 
ing of the anastomoses and wounds per primum, proved by autopsy 1 week later. 
Fibrinogen reappears 3 to 4 hours after being destroyed, and it presumably then 
plays its normal part in sealing a bowel anastomosis and the wound. In more 






recent cases the needle was introduced through a side branch instead of the 
wall of the main vein. When bleeding occurred, the branch was ligated both 
proximally and distally and massive hemorrhage controlled in this fashion. None 
of the later animals thrombosed in this manner bled to death. Ilowever, 
meticulous hemostasis was still necessary, as generalized ooze in the operative 









field and wound did occur. 








DISCUSSION 
Controversy is still current concerning the components of the profibrino- 
lysin-fibrinolysin system and the type of chemical reaction involved. In the 
deseribed assay, using impure thrombin and fibrinogen, probably activator ac- 
tivity is the main measurement.’® The assay may merely reflect the contained 
streptokinase in the preparations and, ultimately, the effect of fibrinolysin may 
be found due to its activator effect. Whether this is due to streptokinase itselt 
or possibly a streptokinase-globulin complex remains to be seen. 
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It is not known whether there is any true significance to enhanced lytie 
activity determined by shortening of the serum euglobulin lysis time. There is 
no assurance that what is found in the serum after fractionation to remove in- 
hibitor is what is occurring at the clot. Fibrinolysin is said to be adsorbed to 
fibrin® much the same as thrombin is adsorbed to fibrin.* It is conceivable that 
loeally high concentrations of fibrinolysin oceur in the region of the thrombus, 
which are not detectable in samples of blood collected from the periphery. En- 
haneed lytie activity usually was demonstrable for 2 to 3 hours after the end 
of the infusion. Subsequent to disappearance of lytie activity, lysis of the 
standard clot took longer than lysis of preinfusion samples. A possible explana- 
tion for this seeming lessening of lytie aetivity may be activation of profibrino- 
lvsin during infusion, making it less available at a later period. Sinee this 
oecurred whether or not a thrombus had been formed, intravascular coagulation 
does not seem a factor. The fact that fibrinogen rises ultimately and apparent 
intrinsic lytie activity lessens in animals infused with fibrinolysin may well be 
significant in thrombosis which had been found to recur in treated experimental 
animals. This hypereoagulable state was successfully inhibited with heparin. 
None of 9 animals treated with fibrinolysin without operation, however, subse- 
quent!v developed thrombotic episodes. This may indicate that damaged vaseu- 
lar endothelium is also a necessary component. 

It remains to be seen whether destruction of cireulating fibrinogen is a 
necessary attendant phenomena to fibrinolysis. It seems likely that dosages 
vary from animal to animal. An arbitrary dose given over a certain period of 
time will probably lyse only those clots in subjects sensitive at that dosage level. 
One approach might be to increase the duration of time of administration of 
fibrinolysin in order to adequately treat resistant cases. In this study, increase 
in the dose of fibrinolysin was used beeause time was a factor in preventing 
necrosis of the obstructed bowel. Fibrinolysin was given to the extent that the 
blood beeame ineoagulable in 10 of 23 animals which underwent thrombosis. 
When this occurred, no clot showed resistance. Total destruction of circulating 
fibrinogen did not seem detrimental to animals in whieh there is no break in 
vascular continuity. This is in agreement with the clinieal appraisal of eon- 
genital afibrinogenemia.* 7! 

A continuous drip is the best method of administration. This seems to give 
longer duration of lytie activity by constant introduction of new enzyme while 
the previous portion is being inactivated. The drip also seems to produce less pro- 
found fibrinogen depression due to less enzyme administration per unit of time. 


SUMMARY 
1. The difference in units of fibrinolytic activity between 2 commercial 
preparations has been mentioned. Both preparations seem to be effective in 
dissolving fresh thromboses in veins. 
2. Some of the hematologic effeets of fibrinolysin have been mentioned. Be- 
Siles lytie aetivity, the most significant result of high dosage is incoagulability 
0! the blood. When this oceurred during a surgical procedure, 4 of 10 animals 


;, ; 
cied of hemorrhage. 
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3. Venous clotting time determinations were not helpful in assessing lower 
ing of fibrinogen. The prothrombin time did mirror change in fibrinogen fol- 
lowing fibrinolysin administration. 

4. Rethrombosis has followed fibrinolysin dissolution of experimentally 
produced thrombi. This is probably due to damage to venous endothelium from 
trauma. Other factors may be elevation of fibrinogen and reduction in th 
potential of the animal’s own lytie system following fibrinolysin treatment. 
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A PLEA FOR VALID ASSESSMENT OF SURGICAL THERAPY: THE 
VALUE OF CONTROLLED, COOPERATIVE CLINICAL TRIALS 


GrorGeE E. Moors, M.D., Pu.D., Burrao, N. Y. 
(From the Department of Surgery, Roswell Park Memorial Institute) 


LL surgeons are interested in rapid, accurate, and valid assessment of 
A major surgical procedures and sueh adjuvant therapeutic measures as 
dietary regimens, ‘‘ prophylactic antibioties,’’ drainage procedures, irradiation, 
and eaneer chemotherapy. Unfortunately, most surgical papers still consist 
of reports of patients treated by an individual surgeon or by a group of 
surgeons representing a surgical service. Sueh reports have the following 
disadvantages : 

1. The spectrum of patients being treated is usually determined by the 
reputation of the surgeon or surgical group, the type of hospital, the relation- 
ship of the hospital to the community, and the presence or absence of nearby 
teaching hospitals, public hospitals, and elinies. 

2. The patients included in such studies usually have been treated over 
a period of years until an ‘‘adequate number of patients’? has accumulated 
for a report. During the span of time covered by the report, the supervisory 
personnel and resident staff will have changed, numerous new drugs will have 
been introduced, and the changing fashions of surgery may have modified the 
treatment employed. Despite these changing conditions, all cases are included 
and reported as a ‘‘homogeneous’’ group. 

3. Definitions of operability, résectability, mortality rates, and survival 
are not completely deseribed, and therefore may vary from those of the same 
terms or similar ones used by other authors. 

4. Major variations in operative procedure may occur within the series 
being reported, because of the surgeon’s firm belief that patients ‘‘must be 
considered on an individual basis.’’ Unfortunately, such individual considera- 
tion is most often based on an individual prejudice of the moment. 

5. Alloeation of patients to treatment categories is often skewed by factors 
affecting prognosis. For example, patients with advanced lesions may be with- 
held from a new treatment series because the surgeon fears complications. 

6. Unless all patients in the study group and the comparison group have 
been followed according to a well-defined plan and with equal attention, the 
data regarding recovery progress, complications, and disease recurrence will 
not be comparable. 

For the reasons listed above, the value of articles attempting to compare 
clinical results by one or another technique based on the experience of indi- 
vidual surgeons is questionable. There is little doubt that the reporting of 
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such series of cases is satisfying to the ego and may result in an increase i1 
the surgeon’s professional stature but, from a scientific standpoint, such reports 
have limited merit. Marked variation from other similar reports in the litera- 
ture, such as an increase in survival, cannot be expected unless the patients 
are highly selected, or a new, effective technique differing in principle from 
conventional therapy has been used. For example, the cure rate from earei- 
noma of the stomach from one institution could hardly be expected to be 100 
or even 10 times the rate of a second institution, unless an entirely new princi- 
ple of diagnosis or therapy were involved. Usually, such a report contains 
mortality and survival figures differing only 2 per cent to 10 per cent from 
other series. Neither series is apt to have more than 100 patients in any 
category being compared, and thus the results do not differ significantly. 
(There is no need to discuss papers indicating a several-hundred per cent 
increase in survival based on a change in a 5-year-survival rate from 2 per 
cent to 4 per cent and involving only a few dozen eases. ) 

When a single surgeon or group of surgeons introduces a procedure that 
is new or a radical departure from standard techniques, an evaluation based 
upon observation of a few patients is both dangerous and illogical. The ae- 
ceptance of a new procedure often closely parallels the public reputation of 
the clinician making the report. Such individuals have a much greater re- 
sponsibility in reporting their results than their colleagues who are not as well 
known. There are examples of ill-conceived and unevaluated procedures which 
have been adopted by hundreds, even thousands, of surgeons following the pres- 
entation of an intriguing paper. The responsibility for such ill-advised therapy 
must sometimes be shared by patients who have heard of a ‘‘new operation or 
drug’’ and promptly demand such treatment. These statements do not deny 
the desirability or need of preliminary reports indicating the possible advan- 
tages of a newly modified therapeutic technique, but they do warn that such 
articles should not oversell their potential audience. 

Conflicting reports of the advantages of various therapeutic regimens and 
surgical procedures may continue to be placed in the literature for decades 
without establishing the superiority (or even the worth) of any of them. The 
excisional treatment of carcinoma of the breast with or without radiation, and 
the treatment of gastric and duodenal ulcers by various medical or surgical 
regimens, are good examples of such controversial methods. Meanwhile, many 
thousands of patients are treated according to whichever thesis the individual 
surgeon adopts because of his personal preference for the authorities reporting 
one viewpoint or the other (or more likely, he treats his patients one way one 
year and a second way another year, depending on the surgical fashions of 
the season). Others have learned one technique, have developed a skill in 
its performance, and wisely continue its use until valid evidence indicates 
its comparative ineffectiveness. Unfortunately, they risk being termed old- 
fashioned. 

The only practical way by which the problem of the relative effectiveness of 
different therapeutic techniques can be resolved quickly and accurately is by 
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establishment of groups of investigators who are willing to treat their 
patients according to an exact protocol which will allow valid statistical 
evaluation of the results. If a few such cooperative groups could be organized 
among the teaching surgical institutions in the country, a good many of the 
controversies which have cluttered the literature and surgical meetings for 
many years could be resolved. The inclusion of 10 to 40 teaching centers in 
each cooperative study should insure the treatment of an adequate number 
of patients within a period of 1 or 2 years, thus allowing the evaluation of a 
therapeutic measurement with a minimal change of personnel, with addition 
or subtraction of the least number of drugs and antibiotics, and with optimal, 
accurate follow-up information. These techniques are being successfully 
adopted and utilized by pharmacologists, physiologists, and our medical col- 
leagues for assaying antibiotics, narcotics, and diagnostie tests. We cannot 
afford to ig ore these advances. 

There are clinicians who claim that such studies are not only unethical 
but immoral. They base their opinion on the theory that an individual patient 
must be treated by a technique which is considered the best one possible by 
the surgeon in a given circumstance. The question is, how does the surgeon 
know what is best for his patient? Certainly personal experience is not neces- 
sarily the best authority in all instances. 

Cooperative studies should always investigate techniques which are con- 
sidered equivalent by one group of investigators or another, or a new proce- 
dure of which the relative value is not known. In the latter instance, the new 
technique should be randomized with the best accepted therapy available, 
and if continual review indicates its harmfulness, it must be discontinued. 
Such studies should never include the withholding of a therapeutic measure 
of proved worth. For example, it would be easy to argue about the relative 
value of radical mastectomy with irradiation versus that of the same operation 
without irradiation, but it would be difficult to present valid statistics sup- 
porting one alternative against the other. The cliché that each case should 
be considered an individual problem and treated accordingly has been and is 
being grossly misused. In many instances, we do not know enough of the 
specific physiologic and pathologie aspects of our patient and his disease to 
arrive at such decisions. 

There are many circumstances in which the treatment of a patient should 
be modified from a standard procedure. All properly designed studies provide 
room for the physician to exercise his own judgment regarding complications 
which perforce demand that the patient’s treatment be modified. In all double- 
blind studies, adequate provision must be made for breaking the code if an 
emergeney arises. 

The worth of putting patients into random control and experimental 
groups seems acceptable to most surgeons. Double-blind studies, on the other 
hand, are often viewed with suspicion. They are mandatory for the evaluation 
of surgical procedures in which the criteria of evaluation are indirect or 
subjective, such as the presence or absence of pain. This usually entails the 
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separation of the surgeon from the evaluation, since the kind of surgical proc 
dure cannot be disguised, as are the numbered bottles used in a drug 
testing program. But even objective evidence, such as the number and kin 
of complications or the cause of death, is more apt to be conscientiously and 
accurately recorded if the study is ‘‘blind.’’ 

The use of random and double-blind methods will not improve poorly 
conceived and executed investigations, and hence should not be used in them. 
Neither do all studies require such precautions. The uselessness of double- 
blind studies for an evaluation of the lethality of cyanide is apparent. Co- 
operative studies with the elements and safeguards listed are difficult to design, 
organize, and maintain, but the validity of both the results and the ancillary 
information is ample reward for these efforts. The expense of such studies is 
large, since a central statistical unit must be maintained, and the costs of 
organization meetings and communication cannot be avoided. However, the 
time and expense of innumerable, individual chart researches carried on over 
the years are probably infinitely greater, and they are hardly likely to attain the 
goal of valid information. 

Finally, a word of caution is in order. Cooperative, controlled clinical 
trials are not a panacea. Unless the number of patients treated by each study 
unit is reasonably large, the collaboration of a large number of hospitals will 
be required, and the study may become impossibly cumbersome. Cooperative 
studies are not likely to reveal new concepts or to be applicable to solving 
all clinical problems. They do, however, represent an advance in the tech- 
niques required for the prompt, accurate evaluation of therapeutic procedures. 
Undoubtedly even better techniques will be designed in the future. 

In summary, the values of cooperative clinical investigations include: 


1. Provision of an adequate number of patients with minimal change of 
selection that would affect evaluation. 

2. The use of an adequate experimental design with provision of random- 
ized therapy, double-blind control of therapy, and _ statistical evaluation otf 
results, if necessary. 

3. Completion of the study in a period during which the smallest number 
of new variables are apt to be introduced. 

4. Exposure of a minimal number of patients to the possible toxicity of 
a new drug or to the possible adverse effects of a modified therapeutic proce- 
dure. 

5. Determination of the efficacy of a new diagnostic or therapeutic proce- 
dure in the shortest possible time, thus making its advantages available to 
all patients as quickly as possible. 

The time is appropriate for the surgical leaders in this country to consider 
the formation of cooperative study groups in order to insure the accurate 
evaluation of old and new therapeutic procedures. 














THE EFFECT OF UREA ON THE POSTOPERATIVE 
EXCRETION OF ELECTROLYTES 


GERALD Murpuy, M.D., RONALD FIsHBEIN, M.D., AND BENJAMIN F. Rusu, JR., 
M.D., Bautrmore, Mp. 


(From the Departments of Surgery of The Johns Hopkins Hospital and The Baltimore City 
Hospitals, and The Johns Hopkins University School of Medicine) 


HE typical pattern of postoperative electrolyte excretion has been well 

delineated by Moore* and a host of other investigators. Following a major 
operation, in most circumstances a patient will retain sodium and water over 
a varying period of time, and to a varying degree, roughly proportional to 
the severity of the trauma received. The fluid and electrolyte therapy of 
these patients must be planned with these limitations in mind. In a recent 
series of paper, Schlegel? ° has demonstrated that the normal renal exeretion 
patterns after trauma may be altered with the use of intravenous urea as a 
diuretic agent. He found in a group of 29 postoperative patients given in- 
travenous fluids in excess of 2,000 ¢.¢., which included 1,000 ¢.e. of 4 per cent 
urea, that the daily water output per patient was maintained at 1,500 ¢.e. or 
above. He also stated that there was a slight increase in sodium exeretion 
in patients receiving urea, compared with the posttrauma controls.” 

Intravenous urea is becoming an increasingly popular agent for use by 
neurosurgeons in the attempt to prevent or correct cerebral edema, during, 
and sometimes after, operation.! Its use has also been suggested for the treat- 
ment of patients following cardiae arrest,® after major surgical procedures, 
and in some instances of glaucoma.'| Thus, an evaluation of the electrolyte 
loss which occurs with the use of this agent is of some importance. 

It is known that ‘‘a variety of non-ionized urinary solids share the prop- 
erty of promoting an increased rate of renal excretion of sodium and chloride 
as well as of water. These include urea, mannitol, and other poorly re-ab- 
sorbed sugars.’’® Seldin and Tarail’ found that, while glucose and mannitol 
augment sodium excretion, urea excreted in comparable amounts produces 
only minor changes in sodium exeretion. Most of the previous observations 
on the effeets of an osmotic diuresis on the excretion of electrolytes, with 
the exception of those of Schlegel,” > were conducted on the patient not under 
stress or an experimental animal, and it does not necessarily follow that the 
same results would be expected in the postoperative patient. 


MATERIALS AND METHODS 


Two randomly selected groups of 15 patients each, admitted to the Surg- 
ical Service of The Johns Hopkins Hospital, were studied. All patients 
weighed between 60 and 80 kilograms and were free of renal disease. With 
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the classification of Moore and Ball,* the magnitude of the operative proc 
dures undergone by these patients was from 4 to 6 units of trauma. The pre- 
operative sodium, potassium, carbon dioxide, chloride, and blood urea nitrogen 
(BUN) levels in all patients were at normal levels. Both groups of patients 
received 3,000 ¢.c. of fluid during the 24-hour period immediately following 
operation. This fluid contained 75 mEq. of sodium chloride and no potassium 
was administered. 

In the experimental group 1,000 ¢.c. of the 3,000 ¢.e. given consisted 
of 5 per cent dextrose in water, with an additional 40 Gm. of urea added to 
make a 4 per cent solution. For the second and third 24-hour periods, the 
patients of both groups received 3,000 ¢.c. of fluid containing 75 mEq. of 
sodium and of chloride, 150 Gm. of dextrose (5 per cent solution), and no urea. 
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Fig. 1.—The urea load given in the first 24 hours after operation resulted in a marked 
increase of sodium excreted. As would be expected, there was no change in sodium excretion 
compared to that of the control group during the second and third 24-hour periods, when no 
further urea was given. 

For the first 3 consecutive postoperative periods of 24 hours, the total 
urinary output was collected and analyzed for sodium, potassium, and chloride 
during each 24-hour period. In none of these patients was there any pathologic 
souree of electrolyte loss. 

It has been noted that the diurnal variation in urinary pll is related to 
sodium retention by the kidneys and that in the postoperative patient with 
maximum sodium retention, urinary pH is often fixed in the acid range, with 
little fluctuation. As stress diminishes, and sodium excretion increases, the 
pH range and diurnal fluctuation return to normal.® © As a rough check on 
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this phenomenon, the pH of the urine of the patients given urea and of the 
control group was checked with nitrazine paper every 4 hours during the first 
24 postoperative hours. At the end of the 72-hour period, serum levels of 
sodium, potassium, chloride, carbon dioxide, and BUN were again checked. 


RESULTS 


Urinary exeretion of sodium in the group given urea and the control 
group is shown in the seattergram in Fig. 1. The urinary loss of sodium in 
the urea-treated patients ranged from 20 to 200 mKq., while in the control 
eroup the loss ranged from trace amounts of sodium to a maximum of 76 
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TOTAL URINARY CHLORIDE EXCRETION 


Fig. 2:—The pattern of chloride losses in the urine during the first 24 hours was much 
Mp Ministukan aaa ee 
mEq. in the first 24-hour period. Sodium losses in the second and third 24- 
hour periods were not significantly different between the control and the 
experimental groups. During these 2 periods no urea had been given. 

Fig. 2 shows urinary chloride losses. In the first 24-hour period the 
pattern of these losses in the 2 groups was much the same as for sodium 
losses. Chloride excretion ranged from 27 to 230 mEq. in the urea-treated 
group, and from 8 to 68 mEq. in the experimental group. There was no 
significant difference between the 2 groups in the second and third 24-hour 
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periods. There appeared to be some increase in potassium excretion the urea- 
treated patients, compared to the controls, but the results here were more 
seattered. Potassium excretion in the first 24 hours ranged from 5 to 70 mEq. 
in the control patients, and from 28 to 124 mEq. in the urea-treated group. 

Table I summarizes the average losses for the various electrolytes in all 
of the patients, stated as an average for each group, together with a state- 
ment of the probability of significance. The mean excretion of sodium in 
patients receiving a urea load after operation was 4 times the mean excretion 
of the control patients. While the caleulated significance of the chloride and 
potassium excretions was not as great, they also seemed somewhat increased. 
There was an average loss of 113 mEq. of sodium in the first 24 hours in the 
urea-treated group, compared to 28.9 mKq. in the control patients. This was 
statistically significant in the 5 per cent range. The average potassium and 
chloride losses in the urea-treated patients were also increased, although the 
differences were somewhat less significant. 


TABLE I. ToTAL MEAN EXCRETION—FIRST 24 HourS POSTOPERATIVELY 











15 UREA-TREATED 15 CONTROL PROBABILITY 
PATIENTS PATIENTS (P) 
Sodium 113.0 mEq. 28.9 mEq. < 0.05 
Potassium 58.7 mEq. 29.3 mEq. < 0.20 
Chloride 107.0 mEq. 28.0 mEq. < 0.10 





Fig. 3 demonstrates the diuresis induced in the first 24 hours by urea. As 
can be seen in the scattergram, there was practically no overlap between the 
2 groups. Only 2 of the control patients excreted more than 1,000 ¢.c. on 
the first postoperative day. In the remaining patients of the control group, 

rater loss ranged from 140 to 1,000 ¢.c. Water output in the patients re- 

ceiving urea ranged from 1,000 ¢.c. to 3,500 ¢.c. in the first 24 hous post- 
operatively. Also in this figure the excretion of total base (as represented by 
the sum of sodium and potassium) was plotted against the volume of urine 
produced. There is apparently a rough correlation between the excretion of 
base ions and urine volume. However, some of the patients producing 1,000 
to 2,000 ¢.c. of urine in the 24-hour period lost maximal amounts of sodium 
and potassium. 

Fig. 4 demonstrates the pH changes in the urine correlated with the 
excretion of base induced by urea as reflected by the sum of the potassium 
and sodium exereted. The maximum diurnal change in the group given urea 
ranged from 0.5 to 2 units of pH, whereas the maximum pH changes in the 
control group ranged from 0.3 to approximately 1 unit of pH, and there ap- 
peared to be a fairly good correlation between pH variation and maximum 


base excretion. 


DISCUSSION 


The data revealed by this study indicate that diuresis induced by intra- 
venous urea in the postoperative period will promote an inereased exeretion 
not only of water, but of salt as well. The amount lost is variable, but may 
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range as high as 200 mEq. per day for sodium. The maximal aggregate loss 
of sodium and potassium in a 24-hour period was 275 mEq. Maximal losses 
of sodium and potassium were not confined to patients excreting the most urine. 

The solution used in this study was 4+ per cent urea and a maximum of 40 
Gm. was given. In neurosurgery, a dose of 90 Gin. is often administered during 
operation, and this may be repeated several times.’ Urinary losses of electro- 
lytes may not necessarily be proportional to the increasing quantities of urea 
given. However, the surgeon must be aware that the electrolyte losses are 
taking place and eventually must be replaced. A check of the changes in 
urinary pH with nitrazine paper may provide a rough index of whether a 
saluresis has been induced by urea infusion. To determiné this, several ob- 
servations of urinary pH over a 10- or 12-hour period must be made. The 
total change in value of pH is of more importance than the actual value ob- 
tained. The urine for these tests must be obtained fresh from the catheter. 


Infection in the urine voids the test. 
SUMMARY 


1. Two randomly selected groups of 15 patients each were studied to 
determine the effect of the administration of 40 Gm. of urea in a + per cent 
solution upon the urinary volume and electrolyte excretion in the postoperative 
period. The urea was given in the 24-hour period immediately following op- 
eration to one group of patients, while the other group received equal amounts 
of sodium dextrose and fluids, but no urea. 

2. Sodium excretion was markedly and significantly (P= < 0.05) 
creased in the 24-hour period when urea was given. The total sodium ex- 
Maximal losses of sodium 


in- 


eretion for this period ranged as high as 200 mKq. 
did not necessarily occur in the patients with the greatest urinary volume. 

3. Urea is finding increasing clinical use in neurosurgery and general 
surgery. Amounts of urea much greater than those given here are sometimes 
used. Clinicians should be aware of the magnitude of the sodium losses which 
may take place, and be prepared to replace them. 
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EXPOSURE OF MIDDLE CEREBRAL ANEURYSM AFTER THE 
USE OF UREA 
NURHAN AvMAN, M.D., AND Ropert G. FisHer, M.D., Hanover, N. H. 


(From the Section of Neurological Surgery, Hitchcock Clinic) 


IRECT attack of middle cerebral aneurysms at the present time is regarded 
D as the procedure of choice.” + * A number of articles have appeared in the 
literature and only a few have given detailed information about surgical tech- 
nique.* °-7; * 1° The approach most often has been made through the Sylvian 
fissure with eventual discovery of the aneurysm by exposure of the main trunk 
of the artery or by finding the braneh which has the aneurysm on its course. 
Onee the lesion has been exposed, clipping, ligation, or wrapping the aneurysm 
with muscle have been carried out. Poppen* has been opposed to the opening of 
the Sylvian fissure and has preferred to expose the aneurysm through the ex- 
cision of the superior temporal gyrus in order to keep the arachnoid membrane 
intact over the aneurysm. This has been helpful. 

The high mortality rate associated with these lesions has been due to rupture 
of the aneurysm before exposure of the neck and supplying vessel.* The 
overlying bridging veins also present difficulties. In view of the fact that the 
dome of the aneurysm is encountered first in the dissection in the Sylvian fissure, 
and that this represents the weakest part of the wall, we have devised a means 
of following the main trunk of the middle cerebral artery from the carotid. We 
thus expose the artery and the aneurysm neck without opening the Sylvian 
fissure. The use of urea has aided in the exposure of the field without damage 
to the brain by retraction. 

TECHNIQUE 

Craniotomy was performed in the frontotemporal region with the skin 
incision placed behind the hair line and the flap extending to the zygomatic 
ridge, thereby exposing the middle fossa well. Intravenous urea in the dosage 
of 1 Gm. per kilogram of body weight was started when the skin incision was 
made. After the dura was opened, a 2 em. incision in the middle temporal gyrus 
was made if an intracerebral hematoma was found by brain cannula. The 
hematoma was evacuated and the frontal lobe retracted from the sphenoid ridge. 
Cerebrospinal fluid was aspirated from the field. The tip of the temporal lobe 
was retracted laterally after the carotid artery had been exposed. The middle 
cerebral artery was identified at its origin and then traced laterally. This is 
the most important phase of the operation. The arachnoid attachments were 
separated with care and bridging veins were coagulated. The aneurysms of 
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the first part of the middle cerebral artery were easily identified and clipped but 
more laterally placed aneurysms and particularly those at the trifureation re- 
quired additional exposure and traction (Fig. 1). With a large aneurysm, it 
is advisable to put a tie about the neck of the aneurysm although we have been 
more successful in clipping the neck (Fig. 2, A, B, C). If the aneurysm 
ruptured we used a glass sucker to hold it while it was clipped (Fig. 2, # 
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Fig. 1.—The incision and exposure of the middle cerebral aneurysm are shown. — Cortical 
incision is used for the removal of the hematoma at the beginning of the procedure. 


Muscle wrapping was used in eases in which the aneurysm was involved in the 
main course of the vessel (Fig. 2, D). The total wall of the aneurysm must be 
wrapped if future rupture is to be avoided. <A row of silver clips may also be 
placed on the aneurysm if rupture occurs once a dry field has been obtained 
(Fig. 2, F). We feel total removal of such a lesion is unnecessary although this 
has been reported.! 
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DISCUSSION 
The technique described is useful for aneurysms of the middle cerebral 
artery up to the trifureation although peripheral lesions are best handled by 
cortical resection and clipping.’ 


,/77f{ Aneurysm ~£ 
//Z(Pip not exposed) \’ 
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Cortical incision middle 


for hematoma z 
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internal carotid _}’ 











Fig. 2.—A, Simple clipping of a suitable neck without exposing the tip of the aneurysm. 
B, Obliteration of the large neck with silk ligature. C, Application of a clip to previously 
obliterated large neck. D, Technique of muscle wrapping. EH, The use of glass sucker on 
ruptured aneurysm. fF’, Obliteration of the aneurysm itself with several clips. 
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Our experience has been confined to 3 patients with successful results. In 
one the aneurysm was wrapped and in the other 2 the aneurysms were clipped. 
The follow-up period has extended from 1 to 3 years and there has been no 
recurrent subarachnoid hemorrhage. Urea has been the sole means of facilitated 
exposure of the brain but our recent experience! and that of others suggests 
that urea and hypothermia combined will allow greater exposure of the aneu- 
rysm. The postoperative neurologic deficits should be minimized and the 
incidence of seizures should be lessened because of minimal disturbance of the 
eortex. 

SUMMARY 


1. A new approach for direct attack on middle cerebral aneurysms has 
been described. 

2. The use of intravenous urea at the time of craniotomy has allowed 
visualization of these aneurysms without disturbance of the Sylvian fissure, 
where the dome of the aneurysm presents its weakest surface. 
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ESOPHAGEAL ASPIRATION: A TEST FOR REFLUX 
PEPTIC ESOPHAGITIS 
Epwarp T. Peter, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 


EFLUX peptic esophagitis is a serious disease if allowed to run its natural 

course since approximately 70 per cent of the patients develop strictures 
of the distal esophagus. The reflux of gastric juice into the distal esophagus 
has been reported by many observers to cause inflammation and ulceration. 
Selve,® Ferguson,” and others* have demonstrated experimentally the extreme 
corrosive action of gastric juice on the esophagus. If reflux of the acid peptic 
juice could be detected accurately early in the course of the disease, then treat- 
ment might be instituted and the severe complication of esophageal stricture 
prevented. Wangensteen first performed gastric resection for constricting 
esophagitis in 1939. In 1949, he and Leven* were able to report 6 cases suc- 
cessfully treated by this method. In 1956 MacLean and Wangensteen’ reported 
18 cases of esophageal stricture due to peptic esophagitis in which subtotal 
gastric resection had been performed. Thirteen of these patients had excellent 
results and 5 had good results. <A history of pyrosis and the radiographic 
demonstration of esophageal reflux are not entirely reliable signs in the diagno- 
sis of esophagitis. Symptoms of substernal and epigastric discomfort may also 
be unreliable signs in the diagnosis. They may merely reflect the presence of an 
associated hiatal hernia or duodenal ulcer. 

It is the purpose of this study to attempt to detect the occurrence of reflux 
of gastrie contents into the distal esophagus reasonably early in the course of 
esophagitis. 

METHOD 


A triple histamine gastric analysis was performed on the patient before 
the esophageal aspiration. The 4-hole nasogastric tube which had been used 
for the gastric analysis was then withdrawn from the stomach so that the tip 
of the tube lay in the distal esophagus 35 em. from the incisors. The tube had 
been measured before insertion so that it would lie in the distal esophagus. 
If there was any doubt about the position of the tube, the tube was reposi- 
tioned under fluoroscopy. When the tube was in place, it was secured and 
flushed with a small amount of saline solution. The tube was then placed on 
suction for a period of 2 hours with the patient in a slight Trendelenburg 
position. 

If free hydrochloric acid was absent in the fasting sample of the gastric 
analysis, a triple histamine injection was given during the esophageal aspira- 
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tion. Three injections of histamine (0.5 mg.) were given at one-half how: 
intervals. The esophageal aspirate was then analyzed for pepsin and free and 
total acid. There is normally no acid or pepsin present in the distal esophagus. 

The same technique may be applied to test postgastrectomy patients for 
regurgitation of bile into the distal esophagus. 

The method described herein has been used in this clinic in the detection 
of gastroesophageal reflux over a period of many years.’ Its index of reli- 
ability is perhaps as great as that of roentgen techniques. Flood and ¢o- 
workers,* in 1953, described a method of esophageal intubation for the dete-- 
tion of reflux esophagitis in patients with hiatal hernia. They concluded 
that the demonstration of free hydrochloric acid in the esophagus at the 
30 to 35 em. level was indicative of reflux of gastric contents. Free hydro- 
chlorie acid was demonstrated at this level in 8 of 15 patients with esophagitis. 

RESULTS 

Esophageal aspirations have been performed on a total of 22 patients, 
11 of whom have evidence of esophagitis (Table 1). In all but 4 of these it 
was possible to demonstrate the presence of free hydrochloric acid by aspira- 
tion of the esophagus. Only one of the patients with a negative aspiration 
had free hydrochloric acid in the stomach. This patient had a phrenic am- 
pulla with a rather tight narrowing above the ampulla. The tube was posi- 
tioned above the narrowed area in this patient. The esophageal irritation was 
apparently in the area of the phrenic ampulla and not higher in the esophagus. 
The other 3 patients with negative aspirations had no free acid on triple his- 
tamine stimulation. One of the patients had previously had a Billroth 1 
gastric resection. This patient had bile present in both gastric and esophageal 
specimens. 


TABLE I. ESOPHAGEAL ASPIRATION, PATIENTS WITH ESOPHAGITIS 


GASTRIC ANALYSIS* ESOPHAGEAL __ 











PATIENT DIAGNOSIS ( DEGREES ) |ASPIRATION (DEGREE) 

G. W. Hiatus hernia with 74 17 
esophagitis 

A. V. Peptic esophagitis 72 17 

G. C. Peptie esophagitis with 0 0 
stricture Pepsin 0.4 Pepsin 0.4 

D. B. Peptie esophagitis 108 10 

V. M. Phrenie ampulla with 122 0 
esophagitis 

E. A. Hiatus hernia with 0 0 
esophageal stricture Pepsin 0.2 Pepsin 0.2 

L. S. Billroth II and 0 (Bile) 0 (Bile) 
esophagitis : Pepsin 0.2 Pepsin 0.2 

Cc. W. Ksophagitis associated 62 30 
with lymphosarcoma 
of stomach 

O. B. Carcinoma of esophagus 118 65 
with esophagitis Pepsin 1.2 

M. T. Hiatus hernia and 50 45 
esophagitis Pepsin 2.1 

H. K. Esophagitis and Duo- 95 15 


denal ulcer - 





*With triple histamine stimulation. 
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None of the patients in the control group had acid present in their eso- 
phageal aspirates. Free acid was demonstrated in the stomach of all but one 
of the control patients. 








TABLE II. ESOPHAGEAL ASPIRATIONS, CONTROL PATIENTS 















GASTRIC ESOPHAGEAL 












NAME DIAGNOSIS ANALYSIS* (DEGREES) |ASPIRATION (DEGREES ) 
ds Hiatus hernia 37 0 
AF. Hiatus hernia 88 0 
M. B. Hiatus hernia 99 0 
rm : Hiatus hernia 4 0 
M.S. Cardiospasm 122 0 
R. E. Postcholecystectomy 0 0 
syndrome 
O. M. Carcinoma of stomach 35 0 
G. D. Normal 111 0 
M. M. Normal 14 0 
B. N. Hiatus hernia 108 0 
H. K Normal 99 0 













*With triple histamine stimulation. 






DISCUSSION 






Reflux esophagitis is a difficult disease to assess, especially when associated 
with hiatal hernia. The radiographic evidence, if present, is helpful but such 
findings are all too frequently absent. Symptoms are easily confused with 
those of hiatal hernia and duodenal ulcer. This method of esophageal aspira- 
tion allows one to assess more directly and accurately reflux of gastric contents 
into the terminal esophagus. There appears to be no correlation between the 
amount of free hydrochloric acid aspirated and the degree of esophagitis. There 
is, however, a definite correlation between the demonstration of free acid in the 
esophageal aspirate and esophagitis. Only 1 patient in the esophagitis group 
had acid present in the stomach without demonstrated reflux into the esophagus. 
This patient had a phrenic ampulla with a narrowing above the ampulla. It is 
debatable whether or not he had esophagitis but he has been included in this 
‘ategory for completeness. 

The other 3 patients with no acid in the esophageal aspirates were found 
to be achlorhydric on histamine stimulation. It is interesting to note, however, 
that these same 3 patients did have pepsin present in the fluid recovered on 
esophageal aspiration. This situation is indicative of reflux of gastric juice 
into the esophagus since pepsin is not normally present there. 

A total of 8 patients with hiatal hernia have been studied, 5 of whom had 
no symptomatic or radiographic evidence of reflux esophagitis. None of these 
5 asymptomatic patients had any acid in the esophageal aspirates. Three of 
the 8 patients had evidence of esophagitis. In one the condition was manifested 
by stricture formation, and in the other 2 by ulceration or bleeding. The pa- 
tients with ulceration and bleeding had 45 and 17 degrees of free acid present 
in the esophagus, respectively, and the patient with the stricture had no free 
acid in either the gastric or esophageal aspirate. 

Although the number of patients examined in this study is small, it is felt 
there is a distinct correlation between the presence of gastric juice in the distal 
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esophagus and the clinical entity of esophagitis. It is difficult to adjudge th 
significance of reflux in achlorhydriec patients. Recovery of fairly large volumes 
(75 to 125 ©.) of aspirate from the esophagus, in which pepsin is present, 
suggests a possible source of the difficulty. 

This same technique may be employed to demonstrate reflux of bile and 
pancreatic juice into the esophagus in patients who have previously undergone 
gastric resection. Cross and Wangensteen,' in 1951, demonstrated the caustic 
effect of bile and pancreatic juice upon the esophageal mucosa. In 1 patient who 
had previously had a Billroth II gastrectomy, bile was present in both gastric 
and esophageal aspirates. 

SUMMARY 


A simple method of esophageal aspiration is described. Eleven patients 
with clinical and/or surgical evidence of esophagitis have undergone esophageal 
aspiration with all but one showing evidence of reflux of gastrie juice into the 
terminal esophagus. None of the 11 control patients had any free hydrochloric 


acid detected in the esophageal aspirates. 


REFERENCES 


1. Cross, F. 8S., and Wangensteen, O. H.: Role of Bile and Pancreatic Juice in Production 
of Esophageal Erosions and Anemia, Proc. Soc. Exper. Biol. & Med. 77: 862, 1951. 
2. Ferguson, D. J., Sanchez-Polomera, E., Chatworthy, H. W., Jr., and Wangensteen, 0. 


H.: Studies on Experimental Esophagitis, SuRGERY 28: 1022, 1950. 
< ban] , 


3. Flood, C. A., Wells, J., and Baker, D.: Insufficiency of Cardia in Hiatus Hernia, 
Gastroenterology 25: 364, 1955. 

4. Friedenwald, J., Feldman, M., and Zinn, W. F.: Ulceration of the Esophagus: Experi 
mental Study, Arch. Int. Med. 42: 521, 1928. 

5. MacLean, L. D., and Wangensteen, O. H.: The Surgical Treatment of Esophageal 


Stricture, SURGERY 103: 5, 1956. 

6. Selye, H.: The Experimental Production of Peptic Hemorrhagic Esophagitis, Canad. 
M. A. J. 39: 447, 1938. 

7. Wangensteen, O. H.: Personal communication, January, 1960. 

8. Wangensteen, O. H., and Leven, N. L.: Gastric Resection for Esophagitis and Stricture 
of Acid-peptic Origin, Surg. Gynec. & Obst. 88: 560, 1949. 








A STUDY OF THE LEFT COLON AS A REPLACEMENT FOR 
THE RESECTED ESOPHAGUS 


A. RosBert Beck, M.D., AND IvAN D. Baronorsky, M.D., Pu.D., NEw York, N. Y. 
(From the Department of Surgery, The Mount Sinai Hospital) 


TUDIES have shown that in order to achieve acceptable results in the 

surgical treatment of primary carcinoma of the esophagus, an almost 
total esophagectomy is necessary.** *®° Radical esophagectomy presents the 
problem of restoring continuity between the pharynx and the stomach. Many 
methods of esophagoplasty have been proposed. A few of the more common 
methods and their major disadvantages will be mentioned. An _ extensive 
review of the literature is not intended, as this has been done quite adequately 
by Oehsner,’®> Mahoney,'? and others.” 14 

Earliest attempts at esophageal reconstruction made use of subcutaneous 
skin tubes between the cervical esophagus and the stomach.* Because of the 
high incidence of stricture and fistula formation, and the need for multiple 
operative procedures, this type of operation is of limited value.’? 

The use of segments of jejunum in esophagoplasty was proposed as early 
as 1904 by Wullstein.‘? Since then, numerous adaptations of this method 
of restoration of esophageal continuity have been employed.’ ?* ** However, 
because of the tiered arrangement of the vascular areade, it is extremely 
difficult, and often impossible, to preserve a blood supply of sufficient length 
to nourish a transplant extending all the way to the neck.'® *7 

Stomach, and tubes formed from the stomach, have been used to replace 
portions of the esophagus.® '* ** This organ is very difficult to bring up to 
the neck,'* and almost impossible to anastomose to the pharynx.’ Peptic 
esophagitis of a very severe degree may develop,”! and the vagotomized stomach 
may become atonie and dilated, and encroach upon the surrounding thoracic 
viscera, causing serious cardiae and respiratory embarrassment. 

Tubes of inert material such as those of Berman’ and others'* ** have 
given good palliation. Their use has been, and should be, limited to palliation 
in poor-risk patients. 

The use of the colon as a method of esophagoplasty was first suggested 
by Vulliet®® and Kelling’? in 1911, and in 1914 by von Hacker.’ It has been 
shown that the colon is relatively resistant to gastric secretions,*® and, unlike 
the small bowel, is nourished by a single marginal artery which runs close 
to its wall. Many successful transplants using the right colon in antethoracie, 
intrathoracic, and retrosternal positions have been reported.?® ' 7 ?5 A few 
cases of left colonic esophagoplasties have appeared in the recent litera- 
ture* > 7 14, 17-19 but the anatomic basis and limitations of this operation have 
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yet to be established. It was therefore decided to study the anatomy of th: 
left colon with particular reference to the use of this segment as a replacement 
for the resected esophagus. 


MATERIALS AND METHODS 


The colons of 20 fresh autopsy specimens from persons ranging in age 
from 35 to 80 years were studied. The only exception to the age range was 
a specimen from a 17-month-old child. 

The colon was first examined in situ, and the hepatic and splenic flexures 
and the end of the descending colon were marked with copper wire loops for 
later identification. The colon was next mobilized in its entirety by incision 
of the lateral peritoneal attachments and the gastrocolic omentum, and the 
freeing of both flexures. The mesenteric vessels were identified, and the ileo- 
colic, right colie(s), left ecolie(s), and sigmoid arteries ligated and divided. 
The mesentery was then trimmed from the bowel, with great care taken not 
to injure the marginal artery. Finally, the terminal ileum and the lower 











Fig. 1—Diagram showing the length of the segment of left colon to be used to replace 
» = tae Seyment A represents the distance between the middle colic artery and the 
sigmoid were transected. This left the entire colon, from cecum to sigmoid, 
suspended on a pedicle containing the middle colic vessels. With the body 
in the supine position and the neck in marked extension, first the eeeal and 
then the sigmoid end of the colon was swung up to the chin and the length 
required to reach this point marked with a wire loop (Fig. 1). For this 
measurement, the colon was laid upon the chest wall, and neither the colon 
segment nor the vascular pedicle was placed under any tension. The middle 
colic vessels were then divided close to the aorta, and the colon removed from 
the body. 

The middle colic artery was next injected with the radiopaque barium- 
gelatin suspension deseribed by Schlesinger?’ by a modification of the technique 
suggested by Reiner.*° The injection mass is rather viscous, and fills arterioles 
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as small as 40 » in diameter. It does not cross the eapillary bed. <A _ poly- 
ethylene catheter with a flanged tip was introduced into the middle colie artery 
and tied in place. Twenty to 30 ml. of saline was flushed through the vessel 
in order to remove as much blood and elot as possible. The injection mass 
was introduced through the cannula at a low pressure, and all leaking vessels 
ligated. After all ‘‘bleeding points’’ had been secured, the pressure was 
increased to 100 mm. Hg and maintained at this pressure for 20 minutes. 
Reiner used a pressure of 200 mm. Hg for his injection studies of the mesen-_ 
teric vessels,?° but we are of the opinion that with pressures in this high range, 
small arteries which in life may have had little function might appear as quite 
sizable vessels. When the injection was completed, we x-rayed the specimen 
by arranging it on a metal cassette which was placed directly on the x-ray 
table. (In our study, 50 kv. and 50 to 100 Ma. at %» second was the usual 
setting.) Further measurements were obtained from the film. 


RESULTS 


Length.—Measurements taken along the mesenteric borders of the various 
segments of the colon were in general agreement with those given by standard 
anatomy texts.* ?° For the adults, they were as follows: ascending colon and 
cecum, 17 to 30 em. (average 22.5 em.); transverse colon, 29 to 60 em. (average 
44 em.) ; and descending colon, 17 to 28 em. (average 22 em.). It is fully ap- 
preciated that measurements of the bowel itself are relatively inaccurate because 
of the variability in the length of the same segment of colon during different 
stages of contraction. At operation we have seen the entire descending colon 
suddenly go into a state of spasm, and shrink to a length of 8 inches. The length 
of the marginal artery, however, is probably less variable, and it is the length of 
this vessel that determines the usable length of a particular segment of colon. 
A long and a short segment of colon with marginal arteries of the same length 
(both short) are, in effect, of equal length. 

In 10 eases, a segment consisting of the left half of the transverse and the 
descending colon alone was of adequate length to reach to the chin. In the 
remaining 10 eases it was necessary to use a small portion of sigmoid colon to 
provide the additional length necessary to reach to the chin. This segment was 
usually 3 to 4 em. in length. In no case was it necessary to use a portion of 
sigmoid colon which extended below the level of the second sigmoid artery. 

In 4 instances, the right colon (exeluding the ileum) could not be brought 
up to the chin. Three specimens reached to the suprasternal notch, and 1 to 
the level of the thyroid cartilage. It must be realized that our measurements 
represent the maximum length of colon which would be required to replace the 
entire esophagus. In practice, this distance would be several cubie centimeters 
shorter as the graft would be placed in a retrosternal tunnel, rather than upon 
the chest wall (Table I). 

Vascular Pattern—tThe viability of the grafted segment depends entirely 
upon the blood supply which it receives through the marginal artery by way of 
the middle colic. The marginal artery, which may be defined as ‘‘the paracolic 
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TABLE I 








| LENGTH OF |SEGMENT OF| RIGHT COLON | 
HEIGHT WEIGHT | Segment A SIGMOID OF ADEQUATE 
SEX (IN. ) (LB. ) \( cM., Fig. 1)| REQUIRED LENGTH REMARKS 
64 130 51 No Yes 
70 160 60 No Yes Diverticula 
67 140 49 No Yes 
65 140 58 Yes No 
65 170 63 Yes Yes Right upper 
quadrant ad- 
hesions (cho- 
leeystectomy ) 





Right lower 
quadrant 
adhesions 


Right colon 
reached to 
suprasternal 
notch 


Right lower 

quadrant ad- 
hesions (ap- 
pendectomy ) 


Short marginal 
artery on right 


Right colon 
reached thv- 
roid eartilage 





vessel of anastomosis between the colie arteries from which arise terminal arteries 
to the colon,’’*’ was intact in all 20 specimens. Other studies have shown a 
failure in the continuity of the marginal artery in up to 5 per cent of cases.** 
However, this is almost always on the right side of the areade, usually between 
the ileocolie and right colic vessels. Robillard and Shapiro”* report a 2 per cent 
failure in the left portion of the paracolie arch. Steward and Rankin*' found 
this portion of the marginal artery to be intact in all of 100 specimens. 

A substantial middle colic artery was present in all of our specimens. Its 
usual point of juncture with the marginal artery was one-third the distance 
from the hepatic to the splenic flexure. In only 2 instances did it join the 
marginal artery nearer the splenic than the hepatic flexure (Figs. 2 and 3). 

In other series, the complete absence of the middle colic artery was noted 
in up to 5 per cent of cases.*! Several variations in the arrangement of this 
vessel were encountered, such as a common origin with the right colie artery 
(Fig. 4), and duplication of the vessel. None of these variations would pro- 
hibit the use of the middle colic artery as the vascular supply to the transplanted 
segment. A recent study of the variational anatomy of the branches of the 
superior mesenteric artery®® revealed important data. The middle colic artery 
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was absent in 22 of 600 specimens (3.6 per cent), and in 38 specimens (6.2 pe 
cent) there were multiple branches. However, we have found that when mul! 
tiple branches are present, the largest may be preserved for a vascular supply. 
If the branches lie close together, all may be preserved. In the same study, 
26.7 per cent of the middle colic arteries had a common origin with the right 
colic artery. In this situation the right colic artery may be sacrificed, and the 
ascending colon would receive its blood supply from the ileocolie artery, which 
is a constant vessel. In 1 per cent of the above 600 eases, the ileocolic, right 


Fig. 4.—Arteriogram showing cannula in a common origin of the right and middle colic 
arteries. This was one of the variations in the vascular pattern of the middle colic vessel 
which was encountered. The end of the segment to be used for transplant is at the level 
of the first sigmoid artery. 


colic, and middle colie arteries all had a common origin. In such instances we 
believe that it would be necessary to sacrifice the right and ileocolie vessels in 
order to produce a vascular pedicle of sufficient length. It would then be 
necessary to resect the right colon, and restore lower gastrointestinal continuity 
by means of an ileosigmoidostomy instead of a colocolostomy. 


Bizarre origins of the middle colic artery from such vessels as the hepatic, 


gastroduodenal, splenic, inferior pancreaticoduodenal, and left gastroepiploic 
have been reported.?” *° The length and caliber of such vessels will determine 
whether or not they are suitable for use as a vascular supply. 





















Volume 48 LEFT COLON AS REPLACEMENT FOR RESECTED EOSPHAGUS 505 


Number 


DISCUSSION 


The use of the left colon as a substitute for the resected esophagus offers 
many advantages over other methods. We have demonstrated the adequacy of 
length and potential blood supply in all of our eases. The greater length of 
this segment allows an esophagocolie anastomosis high in the neck rather than 
within the chest. This is valuable in the treatment of certain benign strictures 
of the esophagus, or for bypass of inoperable carcinoma, when it may be unde- 
sirable to open the chest. 

In the treatment of carcinoma of the esophagus we have proposed, and are 
using, a two-stage procedure. The first stage consists of a retrosternal left colon 
bypass of the esophagus. Subsequent to this, radiation therapy to the esophagus 
and mediastinum is completed, and the entire esophagus is then resected trans- 
thoracieally. This allows for a number of desirable accomplishments. Many 
of the patients are undernourished because of the esophageal obstruction. The 
staged procedure allows for a period of ‘‘feeding up’’ before the transthoracic 
stage. It also permits an intense dose of radiation to be given without inter- 
fering with the oral ingestion of food. And, finally, the last stage of the proce- 
dure is reduced to a minimum. This is advantageous to those in the age group 
in which carcinoma of the esophagus is prevalent, because it is in this group that 
the cardiorespiratory reserve may be poorest. 

The length of the graft which is required depends upon several factors. The 
body type of the individual will determine the actual distance which must be 
traversed. The length of the middle ecolie artery, which ranges from 7 to 17.7 
em.,°° is also a factor. A long vessel provides a long pedicle, allowing the colon 
to be brought higher up into the chest, and thus requiring less actual length of 
left colon. 

The absolute length of the transverse colon is of relatively little importance, 
as the portion available for the graft is only that segment distal to its junetion 
with the middle colie artery. Thus, if the middle colic artery joins the marginal 
artery near the splenic flexure, only a small portion of the transverse colon is 
available for the graft. If the descending colon is not extremely long, a seg- 
ment of sigmoid colon will be necessary to provide the additional length neces- 
sary to reach the chin. In one of our specimens this was the case, and a 10 em. 
portion of the sigmoid was required (Fig. 3). 

The total length of the graft depends upon the absolute available lengths 
of the transverse and descending portions of the colon, which are limited by the 
lengths of their corresponding marginal arteries. In half of our eases some 
sigmoid colon was required to produce a graft of adequate length. One ean be 
reasonably assured of an adequate length of graft if the colon is transected be- 
tween the first and second sigmoid arteries. 

In studying the vascular pattern, it was found that a slight narrowing of 
the marginal artery may occur near the splenie flexure. It is therefore advisable 
to preserve the secondary areade formed by the bifureation of the left colic 
artery as an additional pathway for blood flow around this point (Fig. 5). 

Prior to operation it is vital to establish the presence of any disease of the 
leit colon. In the presence of a colonic carcinoma, diverticulitis, colitis or multiple 
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polyposis, the use of this segment as an esophageal replacement must ly 
deferred. Its use is also prohibited in those instances in which the middle colic 
artery is absent (about 4 per cent), and in those rare eases in which the left side 
of the marginal artery is not continuous. 

Clinically, we have successfully used the left colon to replace the esophagus 
in 3 instances. A fourth ease provided us with the opportunity of studying 
the segment of the left colon which had been used as a graft. A 72-year-old 


Fig. 5.—Arteriogram with cannula in the middle colic artery. Some narrowing of the 
marginal artery near the splenic flexure is noted. The secondary arcade formed by _ the 
Penn of the left colic artery (LCA) bypasses this weak point, and should be carefull) 
preserved. 
white male was admitted with a 3 month history of marked esophageal obstruc- 
tion and weight loss. Fourteen months prior to the present admission he had 


undergone a resection of the eardia and lower esophagus with an infraaortic 


esophagogastrostomy for adenocarcinoma. On this admission, a left colon bypass 
of the proved recurrent carcinoma was performed. The segment used consisted 
of the left half of the transverse colon, descending colon, and about 2 em. of 
sigmoid colon. The sigmoid was transected between the first and second sigmoid 
arteries. The sigmoid end of the colon was passed through a retrosternal tunnel, 
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and delivered into a previously prepared neck incision. The chest was not 
opened. The cervical esophagus was divided at the level of the thyroid cartilage, 
the distal end was oversewn, and it was dropped back into the thorax. The 
proximal esophagus was anastomosed end-to-end with the distal end of the graft. 
The transverse colon was anastomosed end-to-side with the stomach. A low 
eastrocolic anastomosis was necessary because of the previous operation. Lower 
eastrointestinal continuity was re-established by means of an end-to-end colo- 


colostomy. 


Vig. 7. 

Fig. 6.—The grafted segment consisting of transverse, descending, and 2 cm. of sigmoid 
colon. The vessels have been injected. The vascular pedicle containing the middle colic artery 
joins the graft near its anastomosis with the stomach. Both gastric and esophageal anasto- 
moses (arrows) are intact, and the graft completely viable. The ligated stump of the left 
colic artery is seen near the center of the graft. (H, esophagus, S, stomach, P, vascular 
pedicle, L, left colic artery.) 

Fig. 7—Angiogram of the segment shown in Fig. 6. Cannula is in the middle colic 
artery (MCA). Excellent filling of the vessels is seen. The secondary arcade formed by the 
bifurcation of the left colic artery has been preserved, and is well demonstrated (LL). Anasto- 
motic sites are indicated by arrows. 


Postoperatively, the patient did fairly well, but had some difficulty with 
his bronchial secretions. He had been taking small amounts of fluids by mouth 
without difficulty. Eight days postoperatively he died suddenly. Postmortem 
examination revealed a viable graft, 41 em. in total length. The distance from 
the junetion of the middle colie artery to the distal end of the graft was 36 em. 
Both suture lines were intact, and, except for a small area of inflammation about 
a suture at the esophageal end, microscopic examination showed good healing 
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(Fig. 6). The eoloevlonie anastomosis was perfectly intact and healing well. 
Injection through the middle colic artery demonstrated excellent filling of ai] 
the arteries in the grafted segment (Fig. 7). 

SUMMARY AND CONCLUSIONS 

1. Because the surgical treatment of esophageal carcinoma demands an 
almost total esophagectomy, a satisfactory method of replacing the entire esopha- 
gus is needed. 

2. The advantages and limitations of the use of the left colon as a replace- 
ment for the resected esophagus are discussed, and a ease in which the left colon 
was used to bypass a recurrent carcinoma is recorded. 

3. It is felt that the colon is a good material for esophagoplasty because 
of its resistance to gastric secretions, good blood supply, and great length. 

4. The left colon (left half of transverse, and descending colon) is superior 
to the right for esophageal replacement because a greater length is available, 
it is more nearly of the same diameter as the esophagus, and its marginal artery 


is more constant. 
5. An adequate length of left colon for total esophagoplasty was available 
in all specimens, and the blood supply to this segment via the middle colie artery 


was potentially adequate in all cases. 
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SURGICAL MANAGEMENT OF ANTERIOR CHEST DEFORMITIES 
A NEW TECHNIQUE AND REPORT OF 153 OPERATIONS 
WITHOUT A DEATH 
PauL W. Sancer, M.D., Francis RopicseK, M.D., AND 
FREDERICK H. Tayior, M.D., CHaruotre, N. C. 


(From the Department of Thoracic Surgery and Heineman Laboratory, 
Charlotte Memorial Hospital) 


HE respiratory motion of the chest works in the manner of a_ bellows. 

Its funetion is to aid in the movement of air into and out of the lunes. 
Any interference with this flow of air reduces the efficiency of the individual. 
It is commonly acknowledged that a kyphotie patient eventually develops cor 
pulmonale as a result of chronic emphysema. Similarly, it is expected that 
the patient with a frozen chest (loss of bellows effeet), whether it be a pectus 
excavatum (funnel chest) or pectus carinatum (pigeon breast), will have 
subsequent difficulties. The latter deformity actually is an anterior form of 
kyphosis, and eventually the same pathophysiologic changes will occur in people 
with this disorder as oceur in the hunehback. 

We have operated upon 153 patients with anterior chest deformity without 
a death and have found that approximately 1 out of 10 of these presented a 
pectus carinatum. The earinatum group is being presented in detail separately. 
It is sufficient to say that these patients represent a group with the chest frozen 
in an inspiratory position. 

The pathogenesis of pectus exeavatum—like that of most malformations 
is debatable and uneertain. There are data’ ** 2° suggesting the significance 
of hereditary factors, and there are other theories that this deformity is caused 
by defective ossification’® or intrauterine compression”® of the sternum. 

Sweet's explanation** of the development of a pectus deformity, however, 
is more convincing from the practical standpoint. He states that the mal- 
formation of the anterior chest wall is caused by an overgrowth of the costo- 
cartilages. We are firmly convineed, after resecting these elongated and 
distorted cartilages from 153 patients, that their overgrowth is responsible 
for the displacement of the sternum. If the sternum is pushed in, the result 
is pectus excavatum, and if it is pushed outward, a pectus carinatum develops. 
This theory is supported by the fact that the peetus deformity is a progressive 
disease which continues to become more pronouneed with the growth of the 
child. This deformity is rarely detectable in newborn infants, it increases 
greatly in children, and reaches its final form in the teen-age person. However, 
the information supplied by the patient or the parents is often misleading. 

An interésting theory was brought forth 314 centuries ago by Bauhinus’ 
and was recently elaborated in detail by Brown.* According to this hy- 


pothesis, the sternum and lower costal cartilages are connected to thie 
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tendinous center of the diaphragm by a special ligament. Further, the 
pathologie changes in the ligament, or in the diaphragm itself, may cause re- 
traction of the sternal bone and development of pectus exeavatum. On this 
basis, Brown advises that the division of the ligament should be an important 
part of the correction of the funnel chest. Since his description, this theory 
has been both opposed and approved by different authors.*: '* *? We, however, 
belong to a group which is still looking hopefully for the ligament discussed. 
We have not been able as yet to identify it. 

In disagreement with some of the authors,» '* we find that chronie in- 
fection of the upper respiratory tract does not play a role in the development 
of the deformity. We believe that these changes are the consequence rather 
than the eause. The acquired form of pectus excavatum (eaused by chest 
trauma) is a rare anomaly. 


INSTRUMENTAL EXAMINATIONS 


The pathophysiology of pectus excavatum was studied in a number of 
random eases. The purpose of these examinations was to gain a better under- 
standing of the nature of this disease and to collect information helpful in 
determining the operative indication. In this endeavor we niet only partial 
success. 

Pectus deformity influences unfavorably the function of the thoracie organs, 
questionably by compression and displacement, though definitely by immobiliza- 
tion. 

The degree of dysfunction varies widely from that which is almost un- 
detectable to severe deterioration (Table I). In evaluating functional impair- 
ment, simple physical examination and detailed history have proved to be of 
the greatest value. We have found laboratory tests to be of only limited 
practical significance. 


TABLE I. CLINICAL SYMPTOMS OF 138 PATIENTS WITH PECTUS EXCAVATUM 








CLINICAL SYMPTOMS 





GROUP 3 
AGE NO. OF GROUP 1 GROUP 2 SEVERE 
(YEARS ) CASES NONE DISABILITY DISABILITY 


birth- 3 33 23 8 
3-10 37 14 21 
10-20 31 15 i 
20-30 15 4 8 
30-40 14 2 8 
40-42 8 ~ 4 








The eleetroecardiogram was normal in the majority of cases. However, 
even in a ‘‘symptomless’’ patient, the mediastinal shift may cause changes in 
the electrical axis of the heart. These changes are characteristic, but not 
pathognomonie and not always proportional with the severity of the disease. 
The most common findings according to De Oliviera’’ ‘‘are chiefly related to the 
clockwise rotation of the heart on its longitudinal axis, backward orientation of 
the aurieular vector, and to the transmission of the intra-activity potentials 
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to the right precordial leads.’’ We were unable to confirm the observatioiis 
of Barr and associates,*? who found incomplete right bundle branch block 
50 per cent of their eases. 

In patients with advanced respiratory insufficiency, tall, peaked P waves 
in the second and third standard leads and electrocardiographie signs of rigiit 
ventricular hypertrophy are common findings. 

The main anatomic features of pectus exeavatum (deformation and de- 
pression of the sternal bone, with elongation of the costal cartilages, and so 
forth) are documented by lateral x-ray film. The posteroanterior view (Fig. |) 
is more helpful in the study of the pulmonary changes secondary to this disease. 


Fig. 1—D. E., 16 years old with pectus excavatum. The posteroanterior x-ray film of the 
chest shows mediastinal shift to the left, typical for this disease, with marked emphysema. 


Shift of the lower mediastinum, including the heart, usually to the left, 
was found in many of the patients. Prominence of the pulmonary conus was 
observed in several instances. 

Younger individuals often had inereased hilar markings and apical em- 
physema, but rarely basal infiltration or atelectasis. In older patients these 
changes were usually replaced by diffuse emphysema. 

Hemodynamics was studied by heart catheterization in a number of patients 
with severe chest deformities but compensated respiratory function. No con- 


sistent trends, however, were found by these examinations. 


With the exception of some of the most advaneed cases, pulmonary function 
studies showed only slight deviations from the ealeulated normal values (I*igs. 
2 and 3). Although the ventilatory function was within the lower limit of nor- 
mal, no correlation was found between the restrictions of the vital capacities 
with the severity of the disease. The most consistent finding was the decreased 
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maximum breathing capacity and breathing reserve. The oxygen saturation 
of the arterial blood showed a moderate decrease in some of the cases. All 
this is supportive evidence of emphysema being the underlying common de- 
nominator. 
ARTERIAL BLODD , CARDIAC , PULM.ART., PULM. VITAL ’ 
400 O, SAT. DUTPUT | MEAN RESISTANCE) BREATH RESERVE CAPALITY UPTAKE 
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Fig. 2.—Diagram showing the results of pulmonary function studies of patients with pectus 
excavatum. 
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Fig. 3.—Intracardiac pressure curves in a patient with severe pectus excavatum and compres- 
sion of the heart. 

Pectus excavatum was a well-known condition at the time of Hippocrates. 
Correction of this disease, however, was not attempted until the early part 
of this century. Methods** which advocated external traction without surgery 
are of only historical interest. 

The fear of pneumothorax of the early surgeons restricted them to limited 
and incomplete procedures. Now it is recognized that satisfactory functional 
and cosmetic results can be expected only by relatively extensive surgery, 
which ineludes osteotomy of the sternum with bilateral resection of the costal 
cartilages. This corrects the anatomic deformity and simultaneously restores 
the motility of the ‘‘frozen chest’’ (Fig. 4). 








~ 
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While surgeons generally agree that the deformity of the anterior chest 
wall should be corrected, there is wide controversy as how to improve and 
stabilize the corrected position of the sternum. 

Since the first operation performed by Ludwig Meyer”? in 1911, more 
than 20 different procedures have been described and recommended for th: 
correction of this deformity. Regardless of how surgeons try to make this 
correction, their techniques can be catalogued into 3 groups: (1) operations 
which do not use special support or fixation® * 15: #1; 26, 0-32, 34. (2) methods where 
external support is supplied® 1+ 17 2% 2% 25. 27, 33, and (3) procedures advocating 
internal support or fixation,’ * using homologous or autogenous rib transplants. 








Fig. 4.—The anatomic relations of the thoracic organs in advanced pectus deformity. 


OPERATIVE INDICATION 


Only recently has the pectus deformity been reeognized as_ physically 
crippling. Sinee the excellent monograph of Ochsner and De Bakey** and the 
functional and anatomie studies of Brown,* it is the general opinion that this 
condition should be treated surgically in advanced cases. However, there is 
still much discussion as to what constitutes an advanced case, what is the 
optional age for repair, and which surgical method offers the best results. 

We believe that all patients with a definite chest deformity (when the 
chest is frozen) should be treated surgically if there is relatively no motion 
of the chest or if there is paradoxical breathing. The importance of early 
operation cannot be overemphasized. The ideal time for repair, empirically, is 
between the ages of 2 and 8 years. However, excellent results are achieved 
in patients at an earlier as well as at a later age. Irrespective of age, the 
correction should be carried out as soon as symptoms of respiratory difficulty 
develop. This position is substantiated by 4 reasons: (1) the disease is ana- 
tomically progressive and the functional consequences are partially irreversible, 
(2) patients who appear to be symptomless at the younger age show a rapid 
physieal and mental development following operation, (3) cosmetic results are 
better in patients treated early, and (4) the operation is relatively simple and 


serious complications are infrequent. 
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We have been engaged in the treatment of this disease for the past 15 years. 
Good functional results were achieved by 2 or 3 different surgical methods. 
On the other hand, cosmeti¢ results were often disappointing. 

We have become convineed that the best functional and cosmetic results 
are accomplished with operations which provide permanent support to the 
sternum. Autogenous ribs can be used for this purpose, positioned horizontally 
behind the sternal bone. The objection to this procedure is the frequent 
occurrence of necrosis in the transplanted rib and/or wound infection. 

We have devised a simple and effective use of live tissue, employing the 
xiphoid process with its rectus muscle attachment interpositioned beneath the 
lower edge of the sternum (Fig. 5). Good physiologic function has resulted 
and cosmetic appearance has improved. Furthermore, this method has 3 
advantages: (1) it helps to obliterate the dead space that otherwise remains 
posterior to the elevated lower portion of the sternum, (2) the anchoring 





Hig. 5.—Lateral view of the sternum, A, before and B, after xiphoid interposition (schematic 
drawing). 

of the xiphoid process with its rectus muscle attachment prevents the loose, 

‘‘pot-belly’’ appearance of the abdominal wall, commonly observed in patients 

after repair of this deformity, and (3) this repositioned live tissue does not 

become a source of necrosis, as do autogenous or homologous rib implants. 


OPERATIVE TECHNIQUE 

The method** we use is a modification of the procedure deseribed by 
Ravitch. Under endotracheal anesthesia a longitudinal incision is made over 
the midsternum to the xiphoid process. The length of the incision depends 
upon the extent of the deformity. In females, for cosmetie reasons, we prefer a 
slightly upward convex, transverse incision. 

The pectoralis muscle is incised along its line of attachment to the sternum 
on either side, then stripped and retracted to the costochondral junction. 
Thereupon the deformed costal cartilages are all removed subperichondrally. 
The xiphoid process is separated from the sternum at its articular attachment. 
In eases where this process is rudimentary or the sternum is extremely elongated, 
the line of separation is made across the sternum, 14 inch above the sterno- 
‘iphoid articulation. This is followed by a transverse cunieform osteotomy of 
the sternum at the beginning of its abnormal downward curve. The site of 
‘he osteotomy is usually at the level of the second or third costal cartilage. 
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Thereafter, the intercostal muscular attachment with the perichondrium is 
severed from the lower two-thirds of the sternum on either side. The posterior 
surface of the sternum is then freed from the mediastinal structures. After- 
ward the sternal bone is bent anteriorly. Thus the pectus excavatum disappears 
into a slightly overeorrected position. This is followed by a technical modifica- 
tion which we have found very useful. The anterior rectus fascia is cut so as to 
mobilize the xiphoid process, allowing it to be stretched up under the lower 
edge of the sternum. In this position, it is anchored with stainless steel wir 
sutures bilaterally, to the fourth, fifth, or sixth perichondrial strips. The 


Fig. 6.—Surgical correction of pectus excavatum by xiphoid interposition (schematic drawing). 


xiphoid process in this substernal position serves as an internal support (Fig. 6). 
After the ‘‘interposition,’’ the pectoralis muscle is reattached to the sternum on 


The subeutaneous tissue is also closed, as 


either side with interrupted sutures. 
is the skin. The results of the procedures used are illustrated by Figs. 7 to 12. 

The repair of pectus ecarinatum is less complicated for it consists of the 
entire subchondral removal of all the overlength costal cartilages. Afterward, 
a simple osteotomy is performed at the height of the prominence in the sternum. 
The chondral strips are then shortened by suturing them in a plicated manner. 
The xiphoid process is left in place since it is not severed from the sternum. 
Thus, with its rectus muscle attachments, it serves to ‘‘pull down”’ the sternum 
into a relatively normal position (Figs. 9 and 10). 
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RESULTS 


In the Department of Thoracic Surgery, Charlotte Memorial Hospital, 
138 operations have been performed on patients with pectus execavatum. Eighty- 


Fig. 8. 


3 years old, with pectus excavatum. Pre- and postoperative photo- 
Despite the relative moderate depression of the 
and postural 


Figs. 7 and 8.—G. L., 
graphs and lateral x-ray films of the chest. 
sternum, the child had severe respiratory symptoms, paradoxical breathing, 
changes, which disappeared following surgery. 
two of the patients were men, 56 were women. Three of the patients suffered 
dyspnea at rest, 46 had exertional dyspnea, and 66 displayed symptoms of 


respiratory tract infections. Fourteen operations were performed on patients 
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Fig. 10. 


Figs. 9 and 10. 
graphs and lateral x-ray films of the chest. 
the sternum and the lower costal cartilages. 


M. O., 16 years old, with pectus excavatum. 
, The deformity is localized in 


Pre- and postoperative photo 
the lower half o 
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with pectus carinatum. The various procedures performed in the total 153 


operations are shown in Table II. 


COMPLICATIONS 


Pneumothorax.—lf recognized, pneumothorax is not regarded as a serious 
complication and is treated by catheter drainage. An undetected pneumothorax, 
however, may cause serious disturbanees. A chest x-ray is advisable immediately 
after operation if a pneumothorax is suspected. 


wig. Ei. 


Fig. 12. 

Figs. 11 and 12.—G. F., 17 years old, with pectus excavatum. Pre- and postoperative 
photographs and lateral x-ray films of the chest. Note the depression and rotation of the 
sternum, severe asymmetry of the chest. 

The oceurrence of pneumothorax ean be prevented if resection of the 
cartilages is carried out within the limits of the subperichondral plane. 

Accumulation of Blood or Serum.—Beeause of the extensiveness of dis- 
section, the accumulation of blood or serum in the operative wound is common. 
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When there is subeutaneous fluid, it is treated by needle aspiration or insertion 
of a Penrose drain. If time is taken to complete meticulous hemostasis, the 
development of this complication ean be minimized. 

Keloid Formation.—This is an undesirable complication, especially in fe- 
males. By following the Lange lines of the skin and performing the incision 
in a slightly eurved horizontal manner rather than in longitudinal direction, 
and by removing the skin sutures in the early postoperative period, one can 
diminish the occurrence of keloid formation even though it cannot be elim- 
inated. 


Wound Infection.—Superficial wound infection developed in 9 patients 
with only one serious consequence. In this ease a 3-year-old girl developed 
an infected hematoma in the operative wound. Staphylococcal septicemia, 
mediastinitis, and empyema followed. <A very difficult postoperative course 
ensued. After intensive treatment with antibiotics, multiple transfusions, and 
chest drainage, she was discharged in good condition 64 days after operation. 
We have been extremely fortunate not to lose any of our 153 patients operated 
on, but the suffering of this little girl always reminds us that the operation is 
still a major procedure. 

SUMMARY 


The individual with a peectus exeavatum is unable to obtain his just ration 
of oxygen to the lungs. The chest functions in a bellows-like fashion, moving 


air into and out of the lungs. When a patient breathes paradoxically (as in 
pectus excavatum) or when there is virtually no movement of the chest (pectus 
carinatum) the bellows action is lost and thus an interference with the move- 
ment of air exists. 

An overgrowth of costal cartilages, we think, was responsible for displacing 
the sternum inward in 138 of our eases, resulting in pectus execavatum, and 
displacing it outward in 14 eases, resulting in peetus carinatum. It is our 
firm conviction that any patient with either one of these deformities should be 
operated upon as early as respiratory svmptoms or paradoxical breathing de- 
velops. 

Satisfactory functional results are obtained by resecting subperichondrally 
all overlength costocartilages. An osteotomy of the sternum is performed, the 
xiphoid process is severed, and then the sternum is separated from all its 
lateral and mediastinal attachments. The use of the xiphoid process with its 
rectus muscle attachment placed in the substernal area serves as a live tissue 
graft in pectus execavatum. This has greatly improved the cosmetic results. 
The repair of pectus carinatum is less complicated, consisting of the subchondral 
removal of all overlength costal cartilages together with an osteotomy. We have 
operated on 153 patients with these defects without a death and with only 
one serious complicaton—wound infection with septicemia. 
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JAUNDICE COMPLICATING ACUTE CHOLECYSTITIS 
FRANCIS Z. ReEINusS, M.D., AND Howarp J. KESSELER, M.D., NEw York, N. Y. 


(From the Surgical Service, Lenox Hill Hospital) 


HE occurrence of jaundice in patients with acute cholecystitis adds an 

additional hazard to an already serious disease. It creates the problem 
of common duct exploration at a time when the biliary structures are difficult 
to handle because of acute inflammation. In addition, jaundice complicates 
the choice of timing of operative treatment. 

In commenting on the problem, Glenn‘ states that the common duet should 
be explored in eases of acute cholecystitis only when patients have marked 
jaundice, since a mild degree of jaundice is associated with inflammatory 
reaction throughout the biliary tract. Bartlett and associates? are of the 
opinion that, because of increased technical difficulties due to the acute inflam- 
matory process, indications for common duct exploration should be ignored 
unless they are urgent. However, Dunphy and Ross* contend that jaundice 
must be considered a principal indication for choledochostomy. 

The choice of timing of operative treatment is also complicated by the 
presence of jaundice. Abell,’ in discussing the controversy of immediaté 
versus delayed operation for acute cholecystitis, states that improvements in 
medical therapy have been of great assistance in the treatment of this con- 
dition. If the patient fails to improve in the early hours of hospitalization, 
immediate surgical intervention is indicated. If the patient’s condition im- 
proves, however, many benefits accrue from delay. One benefit is easier ex- 
ploration of the common duct. 

A review of the problem of acute cholecystitis at the Lenox Hill Hospital 
revealed the fact that a surprisingly large number of patients had jaundice 
as a feature of their disease. These patients were treated both medically and 
by operation and, in general, the results of this treatment give a good concept 
of what may be expected when a patient with acute cholecystitis is jaundiced. 


MATERIAL 


During the years 1937 through 1958,°491 patients with acute cholecystitis 
were treated by all services at the Lenox Hill Hospital. Of these patients, 84 
had varying degrees of jaundice. This was 17 per cent of the total number 
of patients. The diagnosis of acute cholecystitis with jaundice was established 
at operation in most instances. However, when the patient did not undergo 
operation, the diagnosis of acute cholecystitis with jaundice was accepted 
when specific criteria were present. These criteria were acute right upper 
quadrant abdominal pain and tenderness, body temperature over 100.4° F., 
and leukocytosis occurring in a patient with known gall bladder disease. 

Received for publication Feb. 10, 1960. 


4919) 


Joa 


Volume 48 JAUNDICE COMPLICATING ACUTE CHOLECYSTITIS 523 


2 


Number 3 


The patients with acute cholecystitis and jaundice were chosen on the 
basis of both a clinical description of jaundice and an elevation of either the 
icteric index or the serum bilirubin. There were some patients in whom 
clinical jaundice was not described but, in these, either the icteric index or 
serum bilirubin or both were elevated to or above the level commonly agreed 
to produce jaundice. Other chemistry determinations were available, but 
were not uniformly performed. The alkaline phosphatase level was often 
found to be elevated, but this test was not determined in all instances. The 
same is true of thymol turbidity, cephalin flocculation, prothrombin time, and 
diastase determinations. In no instance did the clinical course or laboratory 
findings suggest any other diagnosis, such as viral hepatitis. 

The degree of icterus among the 84 patients was measured in the earlier 
years by the icteric index and later by serum bilirubin in milligrams per cent. 
There was a wide range among the values of those patients with and without 
common duct stones. Among the patients with common duet stones, the icteric 
index ranged from 13.1 to 137, and the serum bilirubin from 0.9 mg. per cent 
to 33.2 mg. per cent. In the other operative cases, when no stones were dem- 
onstrated, the icteric index ranged from 15 to 104, and the serum bilirubin 
from 1.2 mg. per cent to 15.8 mg. per cent. 

In the nonoperative cases of acute cholecystitis with jaundice, the range 
of the icteric index was from 13.5 to 37.5. The range of the serum bilirubin 
was from 0.9 mg. per cent to 7.0 mg. per cent (Figs. 1 and 2). 


SEX AND AGE 
Of the 84 patients with acute cholecystitis with jaundice, 42 were men 
and 42 were women. The age distribution revealed 31 below the age of 50 
and 53 above this age. The youngest patient was in the third decade, while 
there were 15 patients over 70 years of age. 
PATHOLOGY 
Among the 84 patients in our series, there were 24 (28.5 per cent) with 
proved common duct stones. There could have been common duet stones 
among the remaining 60 patients, but the clinical course of these patients 
did not suggest the presence of stones. Pancreatitis occurred in 7 patients, as 
evidenced by elevation of the serum amylase level. There were 2 patients 
with gangrene of the gall bladder, and 3 with perforation (Table I). 


COMPLICATIONS 


Of the 84 patients, 63 were operated on and 22 of these had nonfatal 
complications. There were 2 patients with myocardial infarction, 1 with a 
minor pulmonary complication, and 1 with thrombophlebitis. The greatest 
number had abdominal complications. There were 17 patients in this category. 
Nine had retained common duct stones, 3 had wound disruptions, 2 had 
draining sinuses postoperatively, and there was 1 with postoperative pan- 
creatitis, 1 with wound infection, and 1 with an injury to the right hepatic 
duct. Among the 21 patients not operated upon, there were no complications. 
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TABLE I. PATHOLOGIC CONDITIONS FOUND IN ACUTE CHOLECYSTITIS WITH JAUNDICE 














TOTAL COMMON DUCT 
PATIENTS DEATHS STONE 
Acute cholecystitis with jaundice 84 7 24 
Common duct stone 24 2 24 
Pancreatitis 7 2 | 
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Fig. 1—Scattergram of icteric index of all patients with jaundice. Note the high levels of 
icterus attained without evidence of common duct calculus. 
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Fig. 2.—Scattergram of serum bilirubin in all patients with jaundice. Note high levels of 
serum bilirubin attained without evidence of common duct calculus. 


DEATHS 
There were 7 deaths among the 84 patients with acute cholecystitis and 
jaundice. This is a mortality rate of 8.3 per cent. There were 4 deaths among 
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the 63 patients who underwent operation (6.3 per cent), and 3 deaths among 
the 21 who were not treated by operation (14.3 per cent). Four of the deaths 
oecurred in females, 3 in males. 

When deaths are related to the age of the patient, it is found that 1 death 
occurred in a patient under the age of 50, from tuberculous pneumonia. The 
remaining 6 deaths occurred in patients between 60 and 80 years of age. The 
causes of death are listed in Table II. 


TABLE II. CAUSES OF DEATH AMONG SEVEN PATIENTS WITH ACUTE CHOLECYSTITIS AND 
J AUNDICE 











OPERA- 
| TION | AUTOPSY 
. Gangrenous cholecystitis, common duct stone, hemorrhagic pancreatitis No* Yes 
2. Acute cholecystitis, question of perforation No* No 
3. Bronchopneumonia No Yes 
4. Retroperitoneal abscess, retained common duct stone Yes Yes 
5. Tuberculous pneumonia Yes No 
6. Acute cholecystitis, cardiac arrest Yes Yes 
7. Carcinoma of stomach with metastases Yes No 





*Patient admitted to hospital in extremis. Planned operation could not be carried out. 
TYPE OF TREATMENT 

Sixty-three of the 84 patients with acute cholecystitis and jaundice under- 
went operation. Cholecystectomy was performed alone in 21 -patients. Cho- 
lecystectomy was combined with common duet exploration in 39 patients, 
one of whom had had a prior choleeystostomy. Cholecystostomy was _ per- 
formed in 3 patients, one of whom had a common duct exploration at the time 
of cholecystostomy. 

Among the 40 patients who had common ducts explored at operation, 25 
were found to have stones. Nine of the 23 had retained common duet stones, 
overlooked at operation and subsequently discovered by cholangiography. Of 
these 9 patients, 5 were operated upon again with removal of the stones. Of 
the 4+ patients who underwent no further operations, 1 died, 1 was noted to 
have spontaneously passed the caleulus on subsequent cholangiography, and 
2 were discharged without further treatment. 

The timing of the operation varied. In 7 instances, operation was carried 
out in the first 2 hospital days, and these patients were classified as having 
‘early operation.’ The remainder were operated on from the third to the 
tenth hospital day or even later. Thirty-five of these late operations were 
performed after the aeute clinical signs had subsided, while 21 were performed 
after the patient failed to respond to preliminary medical treatment, when the 
clinical signs either failed to improve or became worse. Of these 3 groups 
of patients (that is, those with early operation, those with late operation 
after clinical improvement, and those with late operation after no clinical 
improvement or worsening of the clinical condition) the best results were 
obtained when operation was performed on the patients whose clinical signs 
had subsided. There were no deaths in this group. There was 1 death among 
those with early operation and 3 deaths among those with late operation who 
had failed to respond to preliminary medical treatment. 
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Of the 23 patients with common duct stone, there was | with early oper: 
tion, 12 with late operation after the acute clinical signs had subsided, an 
10 with late operation who had failed to respond to preliminary medieal trea 
ment. There was 1 death. 

There were 21 patients who were not operated on after their admission 
with acute cholecystitis and jaundice. All of these, with the exception of 3 
patients who died, responded to medical treatment and their clinical signs and 
symptoms subsided without complication. 

Of the 3 patients who died without operation, 2 had emergency operation 
planned but were in such poor ¢linical condition that they died before opera- 
tion could be carried out. One of them was shown at autopsy to have a com- 
mon duet stone, hemorrhagie pancreatitis, and acute cholecystitis. The other 
had been in shock on admission and never recovered. The third patient died 
from bronchopneumonia (Table II). 

DISCUSSION 

In patients with acute cholecystitis who have jaundice with their disease, 
a major problem is whether or not a common duct stone is the basis of the 
biliary obstruction. In this series, common duct stones were found in about 
one-fourth of the patients. 

There was no evidence that a common duct stone was present in any of 
the others. There was no important difference between the chemical findings 
in those with and those without stones. Thus, a deeply jaundiced patient 
does not necessarily have a ealeulus in the common duct. It was also 
found that the elevation of serum amylase level can occur in patients who 
were not shown to have a common duct stone. The same is true of elevation 
of the alkaline phosphatase level. Therefore, preoperative evaluation of these 
patients must leave the question open as to whether or not a common duet 
caleulus is part of the pathologie process. 

A second important problem in patients with acute cholecystitis and 
jaundice is the timing of operation. In this series of patients, 21 had no 
operation at all, and 18 of these were treated successfully. Among the 635 
with operation, 35 were operated upon after their clinical signs had subsided. 
In other words, of the 84 patients, 53 or about 60 per cent had successful 
response to medical management. Of the others, 7 had early operation and 
24 failed to respond to preliminary medical treatment. All deaths except on 
occurred in these last patients who failed to respond to medical treatment. 
In other words, these patients were so ill from the disease that medical treat- 
ment was fruitless and death was then more likely to occur. In evaluating 
a patient for operation, careful individual judgment is necessary. No time 
should be wasted if clinical signs increase, but watehful waiting can be of 
benefit if early response to medical treatment is favorable. 

Age is a particularly important factor in patients with jaundice and 
acute cholecystitis. In this series, one patient in the fifth decade died from 
tuberculous pneumonia, This death occurred in 1938, prior to the advent ol 
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antitubereculosis drugs. Of the 6 other deaths, 3 occurred in patients between 
60 and 70 years of age and 3 in patients between 70 and 80. The elderly 
patient shows poor resistance to the conditions under discussion and must 
be handled with caution. 

The degree of icterus covers a wide range of values. Glenn‘ believes 
a distinction should be made between a mild degree of jaundice and true 
common duct obstruction. He is of the opinion that mild jaundice is fre- 
quently associated with inflammatory reaction throughout the biliary tract. 
Many of our patients with acute cholecystitis and jaundice had only mild 
degrees of jaundice. However, many who were subsequently found to have 
common duct stones were among those with mild jaundice. Conversely, many 
patients with severe jaundice, some of them with the highest serum bilirubin, 
were not found to have had common duct stones. The degree of jaundice is 
not an indication of the presence or absence of common duct stones. 

Exploration of the common duct is handicapped by the presence of acute 
inflammation. Common duct exploration was carried out in 40 of the 63 
patients who were operated on. Common duct stones were found in 23 pa- 
tients, of whom 9 were later found to have retained common duct stones. 
Therefore, over one-third of the stones were overlooked, largely because of 
the presence of acute inflammation. 


SUMMARY 


1. The experiences with 84 patients with acute cholecystitis and jaundice 


have been reviewed. Of these, 24 patients had common duct stones. 

2. The degree of jaundice does not necessarily reflect the presence or 
absence of common duct stones. 

3. Among the 84 patients, 53 had a suecessful response to medical manage- 
ment, followed by operation in all but 21 instances. Of the remaining 31 
patients, 24 failed to respond to preliminary medical treatment, and 7 were 
operated on early, without extended medical treatment. There were 4 deaths 
among those who failed to respond to preliminary medical treatment and 1 
death among those who had early operation. 

4. Exploration of the common duct is handicapped by the presence of 
acute inflammation. In the 23 patients found to have common duet stones, 
9 were later found to have retained stones on cholangiography. Caleuli were 
overlooked at the first operation in over one-third of these patients. 
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INCISIONAL HERNIA REPAIR 
FREDERIC W. TAyLor, M.D., AND Jog G. Jontz, M.D., INDIANAPOLIs, INp. 


(From the Department of Surgery, Indiana University School of Medicine, and Indianapolis 
Veterans Hospital) 


IE difficulties and uncertainties encountered in the repair of ventral 

hernias are attested by the wide variety of treatments advocated. The 
trend in the past was to use the fascia lata or kangaroo tendon to bolster the 
defect. It has now become popular to incorporate all types of metal and 
synthetic woven fabric meshes to ensure repair. We will mention only a few 
representative discussions of these materials.*»** It is not our purpose to 
condemn all or any mesh used to support such wounds. However, we cannot 
but wish with considerable feeling that he who placed the mesh originally would 
again be called upon to remove it if infection or recurrence should follow. If 
this were the case, much of the present enthusiasm for the use of foreign-body 
prostheses in repair of hernias would disappear. Certainly, to depend on 
foreign-body patches for these operations is to invite trouble and admit loss 
of faith in basie wound repair. 

We are strongly in accord with the opinion recently expressed by Dr. 
Charles Johnston that hernias are anatomic problems to be treated by anatomic 
and surgical methods.? It is seldom necessary and never desirable to rely on a 
foreign-body pateh. On the basis of this opinion, we wish to indicate the help 
that may be derived from retention sutures in the repair of incisional hernias. 


In particular, we wish to emphasize the logical and mechanically sound use of 
the “fixed figure-of-eight retention suture.’” 

This prineiple for the relief of wound tension is not new, for it has been 
described and used by others.’ * 7 It is strange, therefore, that so little reecogni- 
tion has been given this suture and that its mechanical advantages have been 


completely disregarded. 

As mentioned, various metal or plastic prostheses have been added to the 
repair to ensure strength. There would be no great objection to such means 
of support if they were temporary and could be removed after serving their 
purpose. The very nature of the materials, however, precludes their removal. 
They must remain as huge foreign bodies. 

Removable retention sutures have been used to obviate the leaving of large 
foreign bodies in the repaired wound. The usual retention suture has little or 
no effect in relieving strain on the wound. It forms a loose sling beneath the 
repair with its ends attached to a button or rubber tube pressing on flabby, 
movable skin. The most it can ever do is hold the skin margins together and 
exert slight upward pressure on the wound. 
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In contrast to this is the crossed type of retention suture used by Dennis, 
Maclean, and Price, or the similar figure-of-eight retention sutures shown in 
Fig. 1. All these employ the necessary feature of a fixed lateral point from 
which to exert tension. It will be seen in the illustration that this tension is 
exerted on the opposite wound margin from its fixed point, thus bolting the 
wound edges together. As noted in A and B of Fig. 1, the exact site of the 
retention suture may be varied to suit the situation. It may grasp only the 
anterior fascia (B) or it may surround the entire muscular and fascial layers 
(A). In this connection it might be mentioned that every effort is made to 
avoid strangulation of muscle and to place the sutures so that they exert tension 
primarily on fascia. 

















Fig. 1.—A, Fixed figure-of-eight type of retention suture which mechanically bolts wound 
margins together. Lateral point on skin surface is a fixed rack. Attempt is made to avoid 
constriction of muscle whenever possible and to keep the suture out of the actual peritoneal 
os B, Variation of the suture about fixed lateral points but including only the anterior 
ascia, 


The sutures are placed in a figure-of-eight manner, as indicated, at approxi- 
mately 1-ineh intervals. Care is taken to allow the retention suture to grasp 
only fascia in the deeper sutures and to avoid its passing through the 
peritoneum unless such a penetration is protected by an underlying omentum. 
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In the repair of incisional hernias we have used the fixed figure-of-cizht 
retention suture only as a splint to relieve tension on the wound. The repair 
is protected, for a time at least, against tension which might cause recurrence. 
In general, our operative methods are the same as those of others. Dissection 
exposes and defines the defect margins. We prefer to split the margin into an 
anterior and posterior fascial layer and we always attempt to overlap the 
anterior fascia. At times the dissection may be carried back some distance from 
the defect margin and a fascial flap tacked over the entire wound for support of 
the repair. Usually the peritoneum is opened, but at times this is quite un- 
necessary. We attempt to avoid trauma and to minimize the amount of buried 
suture material. 

Retention sutures are left in place for 2 weeks, after which time they are 
removed and the repair is “on its own.” The sutures become quite loose after 
5 days or a week and give the impression they are useless. It is our opinion 
that they should act only during the stress of muscular effort and exert no 
tension when the abdominal wall is relaxed. It is also our impression that if 
the figure-of-eight retention sutures are fixed with excessive tension, they cut 
through fascia until they are reasonably relaxed. Therefore, they should be 
pulled snugly but not tightly. 

SUTURE MATERIAL 

We have used all types of nonabsorbable suture material. Silk, cotton, or 
linen oceasionally breaks unless used in very heavy weights. The newer 
synthetic materials (Merselene) seem more satisfactory. Merselene does not 
break and is easily removed. 

Stainless steel wire has the advantage that a heavy strand may be pulled 
taut and it will stay in this position, holding fascia in approximation, while 
repair is effected with the wound open. The wire may be permanently fixed 
about the rack at the end of the operation. Wire has the disadvantage of 
being more uneomfortable than soft, pliable materials and at times its removal 
is troublesome. This latter objection is lessened if one strand of the wire is 
eut the day before its intended removal. However, because of this difficulty, 


we find ourselves using less wire than we did previously. 
RACKS 


The type of rack or frame over which the fixed figure-of-eight suture 1s 
tied has varied considerably and as yet we are not satisfied with any one single 


type. Our first frames were simple rectangles made of stapled tongue blades. 
Later, ladder splints and aluminum rectangles were used (Fig. 2). Un- 
doubtedly the most comfortable form is that used by Dr. Harris Shumacker 
(Fig. 3, A). This consists of multiple sections of tongue blades placed trans- 


versely between adhesive which in turn is wrapped in gauze and sterilized. It 


is comfortably flexible for long incisions but conceivably may hide infections and 
makes their care difficult. Also, it covers the skin sutures for 2 weeks, prevent- 


ing their early removal. 
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Dennis uses sections of tongue blade over which each suture is secured as 
au individual unit. Recently we have tried and liked a plastie bridge produced 
by Ethicon (Fig. 3, B). This allows ready access to the underlying wound. It 
has the disadvantage of being a special item to be stocked by the operating 


room. 


Fig. 2.—Various types of racks used for lateral fixation of retention sutures in the repair of 
incisional hernias. 

Of interest is our attempt to overcome the loss of tension which oceurs in 
our retention sutures after a few days. <A spring rack was devised to which the 
suture ends were secured (Fig. 3, C). Our hope was that this would keep 
sutures constantly taut. It did—auntil they cut through the fascia and became 
useless. It became apparent that an effective retention suture could exert only 
intermittent foree when necessary. During the long intervals between these 
occasions it should lie completely inert but would be ready in case any 
emergency stress occurred. 
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Fig. 3.—A, Flexible type of rack. B, Plastic bridge (Ethicon) has the advantage of allow- 
ing complete observation of wound. <A colostomy bud is seen just above this repair. OC, Lateral 
fixation by spring tension was a failure since sutures quickly cut through fascia. 

DISCUSSION 

Comparisons of ventral hernias are difficult. It is only natural to feel 
that those one encounters personally are the most exasperating—particularly if 
they are not of one’s own making. They all present difficult problems, however, 
and have tried the ingenuity of surgeons for many years. 

The present vogue is to add a foreign-body patch of fabric, plastic, or 


metal mesh in the hope that this will give “strength” to the area and effect a 


cure. In many instances a cure is accomplished; in others it is not. The 
failures and complications are numerous enough to cause one to question the 


general use of these various materials in ventral hernia repair. 
SUMMARY 


A plea is made for the return to an anatomic surgical repair with over- 


lapping fascial sheets of the patients’ own tissues. It is further pointed out 
that much of the wound stress during healing can be handled effeetively by a 
fixed figure-of-eight type of retention suture. This allows repair to take place 


in a relaxed wound and leaves behind a minimum of foreign material. The 


exact manner in which this is used varies with the particular problem. 
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OPERATIVE MESENTERIC ARTERIOGRAPHY IN THE SEARCH 
FOR THE SITE OF BLEEDING IN UNEXPLAINED 


‘ 


GASTROINTESTINAL HEMORRHAGE 
A PRELIMINARY REPORT 


ALEXANDER R. Marcuuis, M.D., Peter HEINBECKER, M.D., AND 
Harvey R. Bernarp, M.D., Str. Louis, Mo. 


(From the Edward Mallinckrodt Institute of Radiology and the Department of Surg 
Washington University School of Medicine) 


HE loeation of the site of acute gastrointestinal bleeding is often per- 

plexing. This is especially true if only melena exists. Approximately 20 
per cent of the lesions causing massive gastrointestinal hemorrhage are not 
located by enteral contrast radiography. Consequently, such operations as 
blind emergency partial gastrectomy have been used to treat massive gastro- 
intestinal bleeding from occult sources. This has been associated with many 
failures to stop the hemorrhage. Although gastrointestinal bleeding usually 
originates in the stomach, duodenum, and esophagus,'' it may also come from 
the small or large bowel. When it arises in these structures, conventional radio- 
logie and surgical techniques for locating the bleeding are not nearly as satis- 
factory as they are when the esophagus, stomach, ducdenum, or rectum is the 
site of the hemorrhage. 

Nevertheless, in any case of gastrointestinal hemorrhage the usual roentgen 
gastrointestinal examinations should be first performed. These, with endoscopy, 
will usually locate the site of hemorrhage.'? However, the frequeney of their 
failure to do so stimulates a continuing search for supplementary techniques 
such as multiple aspirations through a long intestinal tube as it passes through 
the intestine. This sometimes locates the site of the hemorrhage in the small 
and large bowels. This communication reports a limited experience with opera- 
tive mesenteric arteriography in locating the source of occult massive bleeding. 
In one ease this has been achieved after regular techniques have failed. 

OPERATIVE MESENTERIC ARTERIOGRAPHY 

Mesenteric arteriography by retrograde cathetherization of the aorta 
through the femoral artery has been performed by Oedman.'* '* Operative 
mesenteric arteriography of the colon was reported by Schobinger,'® '’ and 
this is the method we have used. With it we have examined colons containing 
various tumors and structural defects, and afflicted by varied inflammations. 
The applicability of this method to the detection of the origin of intestinal 
bleeding was accidentally discovered during an operative mesenteric arterio- 


gram, which was being performed to ascertain the vascularity of a carcinoma ot 
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the ascending colon (Case 1). The arteriogram showed that contrast material 
left the vessels within the neoplasm and filled the lumen of the cecum. The 
angiographic examination of the second patient was deliberate. It was _ per- 
formed in an attempt to locate the site of enteral bleeding that had not been 
located by many regular roentgenographie examinations and 2 celiotomies. 


Technique.—A portable Potter-Bucky grid, properly padded to avoid pres- 
sure necrosis, is placed under the torse on the operating table. A film is exposed 
before the operation is begun. After the peritoneal cavity is opened, a plastic 
catheter or fine hypodermic needle is introduced into the artery supplying the 
segment of the intestine that is to be examined. Ten to 12 ml. of 37.5 per cent 
sodium-diacetamido-triiodobenzoate (Hypaque) is injected into the artery and 
the film is exposed as the last milliliter of the contrast medium leaves the syringe. 
The wet films are examined for extravasation of the contrast medium into the 
intestinal lumen. Should the first injection fail to show extravasation, an artery 
supplying another segment of intestine may be examined. In the seecnd ease 
we had intended to inject suecessively all the regional arteries of the colon should 
this have been necessary. 


7 a 


CASE REPORTS 


CASE 1.—R. H., a white man; 59 years old, had anemia. The hemoglobin concentration 
was 6.9 gm. per cent. The injection of radioactive chromium-tagged red blood cells into his 
blood stream indicated that he was bleeding into the gastrointestinal tract. The first ex- 
aminations of the upper and lower gastrointestinal tract with barium sulfate failed to show 
the site of bleeding. Serial aspirates through a long intestinal tube as it passed through 
the entire small intestine contained no blood. This indicated that the colon was the most 
likely site of the hemorrhage. Subsequently, a polypoid tumor close to the ileocecal valve 
was found after another barium enema (Fig. 1). 

Because we had been examining the utility of mesenteric arteriography in the differ- 
entiation and location of tumors of the large bowel, a mesenteric arteriogram was performed 
hefore the resection of the colon. Ten milliliters of 37.5 per cent Hypaque was injected into 
the right colie artery. No residual barium had remained in the large bowel before the 
arteriogram (Fig. 2, 4). This arteriogram showed the immediate passage of the contrast 
material into the lumen of the ascending colon (Fig. 2, B). A right colectomy and ileotrans- 
verse colostomy were performed. The resected colon contained blood and a 3 by 3 em. well- 
differentiated carcinoma that was located on the medial aspect of the ascending colon ad- 
jacent to the ileocecal valve. The edges of the tumor were raised and its center was ulcerated. 


CasE 2.—O. C., a 69-year-old white woman, had had repeated exsanguinating hemor- 
thages through the rectum during 20 years. She had been admitted to hospitals 6 times 
because of them. Exhaustive laboratory, endoscopic, and roentgen examinations failed to 
locate the site of origin of the melena (Fig. 3). Meticulous examination of the intestine 
during 2 celiotomies also failed to locate it. During the second laparotomy the entire small 
and large intestines were examined inch by inch and transilluminated. 

The woman again bled massively through the rectum 1 month after the second celiotomy. 
Operative mesenteric angiography was planned. The preliminary film of the abdomen was 
taken on the operating table (Fig. 4, 4). Upon opening of the abdomen, the ileum con- 
tained only traces of blood. The cecum, sigmoid, and ascending colon were filled with blood. 
Fifteen milliliters of 37.5 per cent Hypaque were injected into the ileocolie artery. A 
large part of this immediately entered the cecum (Fig. 4, B). The vessels in the wall 
of the ceeum were abnormally numerous, dilated, and tortuous and the radiopacification of 
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September, 
the superior mesenteric vein, portal vein, and the portal venous branches in the liver (Fig, 
4, B) took place with unusual alacrity. In brief, this arteriogram demonstrated multiple 
vascular malformations in the cecum. A total colectomy with ileoproctostomy was performed, 


The resected colon was full of blood 


and 3 dilated venous plexus, 1 to 2 
About these plexus, extravasation of blood into the mucosa and 


were found in the cecum. 


submucosa had oceurred. 


B 


Fig. 1.—Case 1. 
with rather sharp margins 
film of the ascending colon and 
the barium enema (arrows). 


(arrows) in the ascending colon. 
view of the 


cecum showing a detailed 


Fig. 2.—Case 1. 
tion showing no evidence of residual 
right colic artery showing extravasation 
colon. 


barium in the region of the cecum. 


of contrast medium into the cecum 


2 em. in diameter, 


A, Pre-evacuation film of the colon examination showing the filling defect 


B, Reproduction of the spot 
lesion as seen during 


1, Film of the abdomen taken at the operating table before the opera- 
B, Injection of the 
and ascending 
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Mesenteric arteriography readily locates the site of experimental intestinal 
searifications. The mucosa of a loop of ileum had been searified with a sealpel 
inserted through a small incision through the wall of an anesthetized dog’s 
bowel. Soon after the mucosa was searified, 10 ml. of 50 per cent Hypaque were 


Fig. 3.—Case 2. View from one of the numerous air contrast barium enemas that the patient 
had undergone. No abnormality is seen. 


; Fig. 4.—Case 2. A. Film of the abdomen taken at operating table immediately preced- 
ing laparotomy. 8B, Arteriogram after injection of contrast material into the _ileocolic 
artery. Extravasation of contrast medium into the cecum is seen (arrows with star). 
Opacification of the superior mesenteric vein is seen (arrow and dot). The portal vein is 
also opacified (arrow). 
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injected into the mesenteric artery. Some of the contrast medium immediate, 
entered the lumen of the bowel! through the searifieation (Fig. 5). 





Fig. 5.—Arteriogram on dog bowel. Bleeding into the bowel was artificially produced 
Contrast material in pools in the lumen of the bowel as well as beyond the extent of injection 
is seen, 


DISCUSSION 


Before mesenteri¢ arteriography is adopted as a method of locating bleeding 
into the gastrointestinal tract, more investigations regarding the safety of the 
procedure must be carried out. Although Schobinger and Oedman found mesen- 
terie arteriography safe,'* '+ 1 17 we, with Grayson,® have not. In experiments 
in the dog, by injection of measured amounts of Hypaque and sodium-dipro- 
pionylamino-triiodobenzoate (Miokon) into the mesenteric artery supplying a 
segment, necrosis of the bowel wall can be produced if the concentration and 
amount of the injected material are too large. Hypaque was found to be safer 
in comparable concentrations and amounts than Miokon. Grayson*® and we will 
publish the safety limits of this procedure in dogs. Onee this is achieved, the 
simplicity of the procedure and its obvious advantages should make it the ac- 
cepted last resort in attempts to locate the site of otherwise unexplained massive 
gastrointestinal hemorrhage. 

SUMMARY 


Two cases of bleeding from lesions in the colon are presented in which 
operative mesenteric arteriography demonstrated the site of bleeding by showing 
direct extravasation of contrast material from artery into the lumen of the in- 
testine. The advantages of the procedure are pointed out. A warning concert- 


ing its safety is made. 
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SYPHILITIC CORONARY OBSTRUCTION: CORRECTION UNDER 
ARTIFICIAL HEART-LUNG AND PROFOUND HYPOTHERMIA 
AT 10° C. 


Cu. Dusost, PH. BLoNDEAU, A. Prwnica, M. Wess, CL. LENFANT, 
J. PASSELECQ, AND J. GuERY, PARIS, FRANCE 


8 prada the considerable progress accomplished in heart surgery, the 

direct approach to coronary lesions has remained a difficult problem. 
The removal of coronary obstructions has been the subject of much ex- 

perimental research in recent years, but few such interventions have been 


performed on human beings as yet. According to the statistics published’: * " 
atherosclerotic lesions seem to be the only ones to have been treated surgically 
so far. To our knowledge, no case report has been published on the surgery 
of syphilitic coronary lesions. Nevertheless, because of its almost exclusively 
ostial localization with respect to the peripheral arterial ramifications, syphilitic 
coronaritis constitutes a particularly interesting indication for surgical corree- 
tion, even though it is a rare occurrence. 

We have recently had oceasion successfully to effect such correction on a 


39-vear-old man whose ease is reported below. 


CASE REPORT 
Observation—P. M. was 39 years old and weighed 66.5 kilograms. He had suffered 
attacks of angina on violent exertion since 1958. At the beginning, the attacks would 
appear at long intervals, but their frequency gradually increased while the efforts which 
suscitated them became progressively less strenuous. 

At admission the daily occurrence of anginal pain after the slightest effort had 
forced the patient to give up any form of activity. For the past year he had even had 
angina while at rest. 

Although no history of syphilis could be elicited, the Bordet Wassermann and Nelson 
serologic tests made in October, 1958, were strongly positive. Three successive courses 
of 15 million units of penicillin were administered without permanent effect on the exertional 
angina. 

There are even days when the patient is unable to walk or drive his ear. 

The clinical examination demonstrated no localization of tertiary syphilis other than 
the aortitis. The spinal fluid was normal. 

On auscultation a % systolic murmur and a 4, diastolic murmur were heard 
over the aorta. There was no peripheral sign of aortic insufficiency. The blood pressure 
was 120-50 mm. Hg. X-rays of the thorax showed a slightly enlarged heart and a voluminous 
ascending aorta, but no image of ectasis (Fig. 1). 

The electrocardiogram (Fig. 2) demonstrated a discreet left ventricular overloading 
(Sokolow index 59), a go intrinsecoid deflection in V,, changes in repolarization in 
V, to V,. The tracing indicated that the maximal coronary lesion was to the right and 
posteriorly (signs of ischemic lesion in D, and a Vy with a Q wave >6jo9 second). 

Because the angina of effort appeared to be the only positive element and was not 


accompanied by aortic insufficiency or aortic ectasis, and in the absence of other visceral 
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lesions, taking into consideration the patient’s youth, it was decided to attempt surgical 
opening of the coronary ostia. 

Operation, Nov. 12, 1959.—On entering the operating room the patient had a slight 
attack of angina which subsided with the administration of oxygen. The first stage of 
the operation was poorly tolerated and several disquieting falls in blood pressure had to 
be remedied with small doses of noradrenaline. 


Fig. 1.—Preoperative x-ray. Note the enlarged ascending aorta. 
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Fig. 2.—Preoperative electrocardiogram: slight left ventricular overloading and marked signs 
of ischemia, signs of posterior lesion in Ds and aVu. 
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First the right common femoral artery was exposed. Then a vertical, medial sternot 
was made and the pericardium opened. The ascending aorta thus brought into view 
enlarged and the pathologie characteristics of its wall were evident. 

The appropriate cannulas were promptly inserted into the right femoral com: 
artery and the venae cavae and the extracorporeal circulation was started with the Lill 
Dewall type of bypass at a flow rate of 3,500 cc. per minute, with a heat exchanger 
affixed to the arterial line. The body temperature decreased rapidly and at the end 
26 minutes the esophageal temperature was down to 11° C., the heart temperature 
below 10° C., and the rectal temperature was 23° C. The heart was perfectly still 
devoid of any electrical activity. The extracorporeal circulation was then discontinued. 

During the 88 minutes of aortic clamping, the bloodstream was kept at a complete 
standstill, except for 3 periods varying from 5 to 10 minutes each, when circulation was 
resumed at a very low flow rate (1,200 ¢.c. per minute, Fig. 4). The esophageal temperature 


remained approximately 10° C. throughout the operation. 


u 

















Fig. 3—Schematie drawing of the extracorporeal circuit utilized. This is an artificial 
heart-lung of the Lillehei-DeWall type. A heat exchanger consisting of parallel metal tubes 
has been interposed on the arterial line. 


A horizontal incision was made extending over the anterior half perimeter of the 
ascending aorta. This however did not provide an adequate access to the valvular orifice 
and a descending vertical incision of the right aspect of the aorta had to be added. 

The pathologic characteristics of the aorta were marked, Its wall was thickened and 
the intima was irregular and covered with characteristic patches. 

In spite of the fact that the heart was thoroughly drained of all blood and perfectly 
still, it was impossible to discover the opening of the right coronary artery. The area 
where normally the ostium should be found was occupied by a thick, irregular end-artery, 
without even a punctiform opening. We were obliged, therefore, to bare the coronary trunk 
at the heart surface. After isolating and dissecting the first centimeter, we followed 
along the artery up to the aortic wall. Again the aorta was investigated, and particular 
attention was given to the point where the coronary artery branched off. In spite of the 
excision at this site of a 1 square centimeter fragment of end-artery, it was impossible 
to identify the ostium. We dared not catheterize the coronary artery at countercurrent 
because of the risk of stricture that might result from the stitching. After 45 minutes 
of unsuccessful attempts, it was decided to break in with a stylet at a point opposite 
the origin of the coronary artery. 
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At this point the lumen of the artery permitted the introduction of the stylet, then of 
the hysterometer. From then on the operation could be more easily conducted. The ostium 
was freed from the intimal proliferation which had completely obstructed it. When the 
dissection was completed, the exploring tools could be easily passed from the aorta into 
tie coronary artery (Fig. 5). 

The left coronary ostium was not entirely obstructed. It was exposed without much 
difficulty and freed in the same manner. The aortic orifice appeared normal, its valves 
were supple. Some broadening of the right commissura was noted, however, and one silk 
suture was placed at this point to reduce the gap. 

The aorta was then closed with silk glove sutures. The difficulties encountered in 
identifying the right coronary ostium were responsible for the 88 minutes of aortic clamping. 

Extracorporeal circulation was reinstated at a flow rate of 3,500 ¢.c. per minute. 
The body temperature rose rapidly and as a consequence, an increasingly rapid ventricular 
fibrillation set in. One electric shock was enough to defibrillate the heart which resumed 
a normal sinus rhythm at about 30° C. 
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Fig. 4.—Temperature chart and perfusion record during operation. It should be noted 
that during the 88 minutes of aortic clamping, the circulatory arrest was complete except 
for 3 interludes lasting from 5 to 10 minutes when low-rate perfusions were given (less than 


1,200 ¢.e. per minute). 


At the end of 32 minutes the extracorporeal circulation was discontinued, the esophageal 
temperature being then 33° C. and the rectal temperature 26° C. 

After careful hemostasis the sternotomy was closed and 2 drains, one intrapericardial, 
the other transpleural (right), were left in situ. 

By the end of the operation the patient showed signs of reawakening. 
1 hour after being returned to his room he was fully conscious and asking questions about 


Less than 


the operation. 


Postoperative Course.—The first night was uneventful. The total blood loss amounted 
to 650 ee. The next morning, an isolated episode of hypotension necessitated a noradrenaline 
perfusion which was progressively diminished the second day and discontinued the third day. 

No further incident was noted thereafter and the patient was discharged on the 
Seventeenth postoperative day. There has been no recurrence of the angina. Three weeks 
after the operation, the patient was made to run in the hospital garden, for a test, and no 


anginal symptoms appeared. 
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DISCUSSION 
Surgical Indications.—Syphilitie ostial coronaritis is an infrequently cn- 
countered lesion. In 1950, Scharfman and colleagues" reported, for a tota! of 
8,185 autopsies, 223 cases of syphilitic aortitis (2.7 per cent), only 37 (17 per 
cent) of which were eases of ostial coronaritis. In patients suffering from ostial 
eoronaritis, surgical relief of the obstruction is a logical treatment provided 
the coronary lesion is the only actual finding, and is not accompanied by im- 
portant aortic insufficiency or aneurism of the aorta. Also, a young patient has 


better chances. 
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Fig. 5.—Illustration of the ostial coronary lesions and of the correction accomplished. Both 
coronary walls are in good condition. 


Our patient happened to present all the ideal conditions for this type 
In such eases the intervention is fully justified by the gravity, 


of operation. 
The anginal seizures 


evolution, and prognosis of the coronary insufficiency. 
which, in patients with severe ostial obstructions, will occur on the slightest phys- 
ical effort, prohibit any activity. Moreover the patient is under the permanent 
threat of sudden death. 

All anatomic observations of such patients’ coneur in the description o1 
the lesions which may be benefited by the operation: (1) coronary lesion 
restricted to the ostium or to the first millimeters of the artery proper, (2) 
normal condition of the arterial wall beyond the affected area, (3) nonpreva 
lence of peripheral lesions due to true anatomie myocardial infaretion. All 
are in favor of a total and permanent resumption of the coronary circulation 
provided that the origin of the coronary artery is cleared from the aortiti 
proliferation which obliterates it. 
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With our patient, we observed that once the obstruction had been corrected, 
the integrity of the arterial wall allowed the coronary artery to pulsate and 
expand systolieally. 

Operation Under Profound Hypothermia.—The necessity to approach the 
2 coronary ostia under direct vision through an aortotomy implies the recourse 
to extracorporeal circulation with cardiac arrest. 

But the classical technique of eardiae arrest by simple anoxia, or by 
the injection of potassium citrate, undoubtedly increases the risk of irreversible 
ventricular fibrillation in operations on the coronary artery. Julian and 
associates® and Miller and colleagues? have been repeatedly handicapped in 
their experiments by the appearance of irreversible fibrillation following pro- 
longed cardiae arrest induced by potassium citrate injections. This is because 
they were operating on the coronary artery, whereas operations on any other 
‘ardiae region executed under similar conditions entail no difficulty in the 
resumption of a normal rhythm. 

These considerations have led us to resort to profound hypothermia (10° C.) 
with total circulatory arrest for this particular type of operation. Aside from 
the invaluable technical advantages afforded by a totally still and exsanguineous 
operative field, the main benefit of this method is the reduction to a minimum 
of the oxygen deficit in the myocardium which is possible at low temperatures. 
A prompt reinstatement of the sinus rhythm at the time of rewarming, either 
spontaneously or by one electrie shock, is ensured. 

To establish profound hypothermia and circulatory arrest, we used an 
ordinary artificial heart-lung of the Lillihei-DeWall type, equipped with a 
heat exchanger on the arterial line. The assembly and operation of this device 
have been deseribed in a previous paper.* 4 

This apparatus has the advantage of being extremely simple and manage- 
able, as evidenced by the possibility it affords to prolong the circulatory arrest 
over a long period, if the precaution is taken to give intermittent, small, low- 
output perfusions. Fig. 5 illustrates the technique used in the ease reported 
above. In this particular instance the difficulty of loealizing the totally ob- 
literated coronary ostium made it necessary to keep the aorta clamped for 
1 hour, 28 minutes. 

During that time the blood stream was kept at a complete standstill except 
for 3 periods of 5, 10 and 6 minutes, respectively, when a perfusion of 1,200 c.e. 
per minute (less than 20 ¢.c. per kilogram per minute) was given. 

In spite of the fact that the coronary circulation was completely dis- 
continued for 88 minutes, the resumption of the sinus rhythm was easily 
obtained during rewarming with 1 electric shock. We feel that this technique 
of profound hypothermia combined with total circulatory arrest represents 
a vital improvement in the operations of the coronary artery. 


The Operative Technique-—Few comments are needed concerning the 
operative technique. The aortic incision must be large enough to provide an 
adequate exposure of the subvalvular zone. The main difficulty lies in the 
d-teetion of the coronary ostium when the latter is totally obliterated. 
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The inner aortic tunica is in fact extremely irregular as a consequence 
of the syphilitie aortitis process, and it is quite a problem to determine whic; 
one of the numerous endarteritis patches is obstructing the coronary orific 

In the present case, we were obliged to dissect the coronary artery at the 
heart surface in order to trace its aortic origin. But this maneuver, though 
comparatively easy in the case of the right coronary artery, is much more 
complicated when applied to the left coronary in which the first centimeters 
are situated behind the pulmonary artery. 

Once the ostium has been localized, the removal of the obstruction by means 
of extensive scissor resection of the aortitis proliferation presents no real 
difficulty. At this stage, one is surprised to discover that no further obstacle 
remains, the coronary artery itself being perfectly sound. 


The Result Obtained.—The immediate clinical result is striking when we 
consider that 3 weeks after the operation this 39-year-old man, in whom the 
slightest exertion previously would have provoked an anginal paroxysm, was 
able to run in the hospital garden without any ill effect. 

The integrity of the rest of the coronary arterial system should normally 
guarantee the permanency of the results obtained, provided the ostium remains 
patent. It is essential, therefore, that the evolution of the syphilitic aortitis be 
checked by intensive antisyphilitic treatment. 

The strong aortic pressure at this site militates against the risk of secondary 
cicatricial obstruction. 


SUMMARY AND CONCLUSIONS 


1. The ease history reported concerns a man who presented syphilitic ostial 
coronaritis with anginal attacks prohibiting any activity, and who was clinically 


eured by surgical removal of obstructions of the 2 coronary ostia. 


2. The operation was performed under profound hypothermia obtained 
by means of an artificial heart-lung equipped with a heat exchanger. The 
profound hypothermia permitted a protracted circulatory arrest. 


3. This operative technique seems to be of special interest in direct surgery 
of the coronary arteries, as it is the only one which allows prolonged clamping 
of the aorta without damage to the myocardium. 
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SUCCESSFUL REPAIR OF TRAUMATIC ARTERIOVENOUS FISTULAS 
BETWEEN HEPATIC ARTERY AND PORTAL VEIN AND RIGHT 
RENAL ARTERY AND INFERIOR VENA CAVA 
ARTHUR COHEN, LIEUTENANT COLONEL, MC, USA, AND 
MiIcHaAkEL E. DE Bakery, M.D., WASHINGTON, D. C. 


(From Walter Reed Army Hospital) 


Perron of arteriovenous communication between visceral vessels have been 
infrequently reported, and multiple visceral arteriovenous fistulas in thie 
same patient have been even more rarely noted. 

In 1957, Wheeler and Warren® reported a ease of portal hypertension from 
a fistula between the hepatic artery and the portal vein. This case was the 
third mentioned in the world literature and the first to be diagnosed and treated 
during the life of the patient, the previous cases** having been diagnosed at 
autopsy. None of these cases was associated with trauma, and all patients were 
found to have aneurysms of the hepatie artery. 

A recent article by Grant and his co-workers* concerning the diagnosis and 
successful treatment of traumatic arteriovenous fistulas between the hepatie 
artery and portal vein and the aorta and inferior vena cava is the first known 
report of multiple fistulas in the same patient. Our report concerns the sue- 
cessful surgical treatment of a patient with independent traumatie arteriovenous 
fistulas between the hepatie artery and portal vein and the right renal artery 
and inferior vena cava (Fig. 1). 


CASE REPORT 


A 32-year-old airman was admitted to the USAF Hospital, Tachikawa, Japan, on Jan. 
¢ 959, with a gunshot wound of the right chest and was immediately operated upon. The 
9, 1959, witl zunshot wound of the right chest and liately operated uy rl 


.22 caliber bullet entered 2 inches above and to the right of the xiphoid process, and 
laparotomy revealed a large quantity of blood in the peritoneal cavity and a large retroperi 
toneal hematoma, which prevented adequate exposure. Blood pressure became unobtainable, 
and therefore the incision was extended to the right chest, the aorta was compressed, and 


@ross 


blood replacement provided rapid response. The thoracic aorta was mobilized and 


clamped, and the right internal mammary vessels, which had been transected by the missile, 
were ligated. Temporary release of the aortic clamp resulted in profuse bleeding from whiat 


was thought to be a tear in the aorta in the region of the celiac axis, and the bleeding was 
controlled with interrupted arterial sutures. Release of the aortic clamp caused bleeding 
in the periaortic area, which was then packed with Gelfoam. Twenty pints of whole blood 
were given as replacement therapy during operation. 

The postoperative course was surprisingly uneventful. Transient oliguria, ileus, and 
right hydrothorax responded to symptomatic and supportive therapy. On the fifth post 
operative day a continuous bruit was heard for the first time in the right upper quadrant 
of the abdomen. Convalescent leave was started on Mareh 2, 1959. On Mareh 31 a trans 
lumbar aortogram was performed, which was interpreted as demonstrating an arteriovenous 
fistula between the aorta and the portal vein and a small false aneurysm of the aorta (Fig. 2). 


Received for publication Feb. 12, 1960. 
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The patient was transferred to the Walter Reed Army Hospital on April 20, 1959. 
A continuous murmur with systolic accentuation was audible over the entire upper abdomen 


and lower right chest. Pulse rate ranged between 95 and 110 per minute. The blood pres- 


Fig. 1.—-Drawing illustrating operative findings and location of fistula between hepatic artery 
and portal vein and aneurysm of right renal artery and inferior vena Cava. 


Portal vein 


Aneurysmal sac 


A. B. 


Fig. 2.—Translumbar aortogram showing filling of portal venous system and presence of 
siiall aneurysmal sac. This led to erroneous preoperative diagnosis of aortic portal vein fistula 
(fig. 3). Note missile to the right of vertebral column. 
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sure was 154/60 mm. Hg. Mild cardiomegaly was noted on x-ray examination. An upp 
gastrointestinal series demonstrated no evidence of esophageal varices, and laboratory studi: 
showed renal and liver function to be within normal limits. Preoperative cardiac outp 
studies were accomplished with indicator dilution technique with Cardio-green, Outp 
prior to exercise was 9.95 L. per minute and after exercise was 10.7 L. per minute. 

In view of the history, physical findings, and particularly the aortographic findings, 
preoperative diagnosis of aortic-portal arteriovenous fistula with aneurysm formation w: 
made. The fact that the lesion represented a serious threat to the patient led us to recom 
mend surgical correction. 

On June 4, 1959, with endotracheal general anesthesia, a midline abdominal incision 
was made extending from the umbilicus to the epigastrium and through the seventh inte 
costal space on the left to the anterior axillary line. The left hemidiaphragm was incised 
to the aortic hiatus, and the spleen, left kidney, and abdominal viscera were reflected to 
the right giving excellent exposure of the thoracoabdominal portion of the aorta.! Control 
tapes were placed around the thoracic aorta and the abdominal aorta below the renal arteries 
and around the celiac, superior mesenteric, and renal arteries. A marked continuous thrill in 
the proximal portion of the celiac artery partially disappeared upon compression of the vessel. 
Dissection along the celiac artery soon revealed that no communication was present between 


Bis 


Fig. 3.—Drawing illustrating fistula between hepatic artery and portal vein. 
Fig. 4.—Drawing illustrating end result of lateral repair by use of continuous suture. 


the aorta and the portal vein. Dissection of the gastrohepatie ligament was performed, and 
a markedly dilated and tense portal vein was visualized. A strong thrill was palpable through 
its wall. The hepatic artery was dissected free and compression resulted in complete dis 
appearance of the thrill. Several old silk sutures were noted in the midportion of the hepatic 
artery, and at this point its connection with the portal vein was noted. The fistula measured 
about 1 ecm. in diameter. Because of venous bleeding, portal vein pressure was not taken at 
this time. Arterial clamps were utilized, and the fistulous connection was divided and then 
oversewn on each side with continuous sutures of arterial silk (Figs. 3 and 4). After release 
of the clamps, the thrill in this area remained absent, and the portal vein had lost its tense 
appearance. Portal vein pressure at this time was 140 mm. H,0O. 

Further exploration revealed a continuous thrill in the inferior vena cava and in thie 
right renal artery. Occlusion of the proximal right renal artery resulted in complete dis 
appearance of the thrill. Mobilization of the right renal artery demonstrated a small 


aneurysm of the vessel at the point where it passed under the vena cava. <A fistula was 


present between the aneurysm and the vena eava and the distal portion of the right renal 
proximally and 


artery appeared emerging from the aneurysm. The cava was mobilized 
distally and encireled with control tapes. The cava was cross-clamped and the proximal }» 


tion of the right renal artery was occluded. The artery was transected at its entrance 1 
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the sac and all but a small portion of the sae was excised. The distal renal artery was also 
transected at its junction with the sae and an end-to-end anastomosis was performed. The 
opening in the vena cava was then closed with a continuous suture of arterial silk (Figs. 


Fig. 5.—Drawing illustrating aneurysm of right renal artery and its fistulous connection 
to inferior vena cava. 

Fig. 6.—Drawing illustrating end-to-end anastomosis of right renal artery and lateral 
repair of inferior vena cava. 
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ig. 7.—Retrograde aortogram. Previously noted aneurysm is no longer present; no evidence 
of arteriovenous fistula noted. Foreign body present in same position. 


» and 6). This fistula also measured approximately 1 cm. in diameter. Occlusion time of 
renal arterial flow was 21 minutes. The thrill in the vena cava did not reeur after release 
ef the clamps. 
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The patient’s postoperative course was completely uneventful and uncomplicated. Nx 
abdominal bruits were heard. Oral feedings and ambulation were started on the fourth post 
operative day. Postoperative excretory urograms demonstrated prompt excretion in good 
concentration, bilaterally. Postoperative retrograde aortograms (Fig. 7) showed the ah 
sence of arteriovenous fistulas and normal flow of contrast material through the right rena 
arterial tree. Postoperative cardiac output studies were 5.7 L. per minute before exercis: 
and 5.6 L. per minute after exercise. Renal and liver function studies after operation wer 
normal. Blood pressure postoperatively was 115/72 and pulse rate ranged from 70 to 85 pe 
minute. The patient was discharged from the hospital on Oct. 26, 1959. 


DISCUSSION 


The 3 eases of nontraumatie hepatic-portal fistula reported in th 
literature were all associated with upper gastrointestinal tract varices and 
bleeding. Although portal hypertension was present in Cirant’s ease and in 
ours, neither varices nor upper gastrointestinal hemorrhage occurred. De Bake) 
and his co-workers? suggest that velocity of flow through a fistula following 
rupture of an aneurysm is much greater than that following trauma. This may 
well be the explanation for the clinical manifestations of portal hypertension, e.¢., 
varices and bleeding, which were present in the cases of nontraumatie fistula. 
The absence of these findings in traumatic arteriovenous fistulas between hepatic 
artery and portal vein would tend to support this view. 

Cardiomegaly and ultimate high output failure are among the most com- 
mon conditions resulting from hemodynamic changes. Our patient demon- 
strated early evidence of circulatory disturbance prior to operation. It is con- 
ceivable that with further delay the effects of altered blood flow to the right 
kidney and liver would have added to the gravity of the situation. 

Too much emphasis cannot be placed on the importance of repeated ausculta- 
tion of injured areas. The characteristic bruit should certainly allow for 
earlier diagnosis and the institution of correct therapy that can prevent the later 
effects of arteriovenous fistula. By utilization of present-day techniques and 
adequate exposure, the objectives of closure of the fistula and restoration of 
continuity of vascular channels can be achieved. 


SUMMARY 


‘) 


1. A ease is reported in which trauma resulted in the formation of 2 
separate arteriovenous fistulas between the hepatie artery and portal vein and 
the right renal artery and inferior vena cava. This ease is believed to be the 
second reported in the literature. 

2. Closure of the 2 fistulas and restoration of vascular continuity were suc- 
cessful. The results have been confirmed by postoperative aortography and by 
the disappearance of preoperative physical findings. 
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with aortic-iliae occlusive disease were under 50 years of age, while only 4 of 


A COMPARISON OF THROMBOENDARTERECTOMY AND ARTERIAI, 
SUBSTITUTION AS THERAPY FOR ARTERIAL OCCLUSIVE 
DISEASE USING THE LIFE TABLE METHOD OF 
REPORTING RESULTS 


JAMES M. Stokes, M.D., AND Harvey R. Burcuer, Jr., M.D.,* Sr. Louis, Mo. 


(From the Department of Surgery, Washington University School of Medicine, and 
Barnes Hospital) 


RTERIAL homografts, autogenous vein grafts, synthetic cloth prostheses, 

and thromboendarterectomy have been used to treat patients suffering 
major arterial occlusive disease. The relative merits of these procedures, how- 
ever, have not been clearly defined. This study was undertaken to compare, 
in so far as possible, the efficacy of thromboendarterectomy with that of arterial 
replacement in the treatment of patients with comparable degrees of major 
arterial occlusive disease. 


MATERIAL 


One hundred persons were operated upon in the Barnes Hospital for seg- 
mental arterial occlusive disease between September, 1954, and January, 1959. 
The operations were for occlusions of the aorta and iliae arteries in 56 and for 
occlusions of the femoral and popliteal arteries in 44. The arterial obstructions 
were relieved by implantation of lyophilized arterial homografts in 55 persons 
and by thromboendarterectomy in the remaining 45. Patients treated for seg- 
mental arterial occlusive disease before 1957 had arterial homograft implanta- 
tion more frequently than thromboendarterectomy. Since then, thromboendar- 
terectomy has been employed more often. 

The indications for operation in all patients consisted of chronic ischemic 
symptoms and signs in one or both lower extremities sufficient to impair seriously 
the activity of the person. None of the patients had been benefited appreciably 
by nonoperative therapeutic measures. The incidences of intermittent claudica- 
tion, rest pain, ulceration, and gangrene among patients suffering femoropop- 
liteal arterial occlusive disease are summarized in Table I. All individuals with 
aortic-iliae arterial occlusive disease complained of intermittent claudication in 
the hips or legs. One person had severe atrophy of the leg but none had ulcera- 
tion, gangrene, or rest pain. In other words, the most severe ischemic changes 
occurred primarily in the patients with occlusive disease of the femoral and 
popliteal arteries. 

The age distribution of the patients by method of treatment and site of 
arterial occlusion are shown in Table Il. Twenty-three of the 56 patients 
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TABLE I. THE FREQUENCY OF SYMPTOMS AND SIGNS OF ISCHEMIA IN THE LOWER EXTREMITIES 
OF PATIENTS HAVING FEMORAL ARTERIAL OCCLUSIVE DISEASE 








an NO. OF PATIENTS 
INTERMITTENT 












































CLAUDICATION REST PAIN ULCERATION GANGRENE 
Thromboendarterectomy 
A. 17 patients 16 (alone in 9) 6o0f 8 4of 8 lof 8 
Arterial substitution 
B. 27 patients 25 (alone in 7) 14 of 21 12 of 21 9 of 21 
Comparing A with B, x? = 3.61, probability = .06. 7 
TABLE IT. AGE DISTRIBUTION* 
PATIENTS TREATED BY ARTERIAL 
PATIENTS TREATED BY THROMBOENDARTERECTOMY SUBSTITUTION 
| AORTIC- FEMORO- AORTIC- FEMORO- 
AGE IN ILIAC POPLITEAL ILIAC POPLITEAL 
DECADES OCCLUSION | OCCLUSION TOTAL OCCLUSION | OCCLUSION TOTAL 
30-39 0 0 0 1 0 1 
40-49 12 2 14 1] 2 i3 
50-59 10 8 18 11 8 9 
60-69 4 6 10 5 15 20 
70-79 2 1 3 0 2 2 
Total 28 7 45 28 27 55 





*Twenty-three of 56 persons with aortic-iliac occlusion were less than 50 years old; only 
4 of 44 treated for femoral arterial occlusions were so young. 


the 44 persons with femoropopliteal occlusion were under 50. However, the 
age distributions by treatment groups were homogeneous (x? = 5.22, Py = .26). 

Patients were classified as having arteriosclerosis of the cerebral, cardiac, 
and renal cireulation if they had a history of myocardial infarction or paresis, 
physieal signs of myocardial or cerebrovascular disease, or electroencephalo- 
crams and electroecardiograms which were abnormal. No patient with renal 
impairment sufficient to produce azotemia underwent operation for arterial 
occlusive disease. These major cardiovascular abnormalities among the pa- 
tients having implantation of homografts were not significantly more frequent 
than among those treated by thromboendarterectomy, although diastolic hyper- 
tension existed in 11 persons treated by arterial substitution and in only 3 
treated by thromboendarterectomy (Table III). (Failure of therapy due to 
thrombosis oceurred in only 5 of the 14 patients with hypertension. ) 


Aortic-Iliac Arterial Occlusive Disease.—Arterial homografts were im- 
planted in 28 patients with occlusions of the aorta and iliae arteries and 
thromboendarterectomy of similarly occluded aortic-iliae arteries was performed 
on the remaining 28 persons. A review of the preoperative arteriograms showed 
no discernible differences in the degrees of impairment in the distal arterial 
branches of either treatment group. 

The occluded aortic-iliae segment in 4 patients was resected and replaced 
with an arterial homograft. The occluded abdominal aorta was resected in 24 
other persons and the remaining open end sutured to an aortic portion of the 
hifureation homograft, the distal limbs of which were anastomosed into the side 
0! the arterial tree beyond the obstructed iliac segments. The homografts were 
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TABLE III. THE INCIDENCE OF ASSOCIATED CARDIOVASCULAR COMPLICATIONS IN PATIENTS 
TREATED FOR MAJOR ARTERIAL OCCLUSIONS 








IMPLANTATION OF HOMOGRAFTS 
FOR THROMBOENDARTERECTOMY FO] 





AORTIC- AORTIC- 
FEMORAL ILIAC FEMORAL ILIAC 
OCCLU- OCCLU- OCCLU- OCCLU- 
ASSOCIATED DISEASES SION SION TOTAL SION SION 


| 





») 


Diastolic hypertension 6 5 11 9 
Arteriosclerotic heart 

disease 3 8 
Cerebral vascular disease ‘ 4 
Diabetes mellitus : 4 
A. No. of patients 

with associated 

diseases 
B. No. of patients 

without signs of 

associated dis- 

eases 18 

Total 28 


Comparing A with B, x? = 2.03, probability 














placed from the proximal abdominal aorta to the external iliae or femoral 
arteries in 26 patients. In 2 persons the graft extended from the aorta to the 
popliteal arteries. Four patients died postoperatively. Thrombotic occlusion 
of the graft occurred in 2 other patients before discharge from the hospital and 
another required amputation despite the operation. Five additional patients 
have died 2 to 4 months after operation. Of these, 2 had patent grafts at 
autopsy. The cumulative survival and pateney data are summarized in Table 
IV. Fifteen of the 28 aortie bifureation grafts were patent for 12 to 50 months 
(53 per cent). Two of the 15 persons died of cardiovascular complications but 
with the grafts functioning at the time of death. Thirteen of the 28 patients 
remain alive with homografts functioning well. 


TABLE IV. OCCLUSIVE DISEASE OF THE AORTA AND ILIAC ARTERIES: RESULTS OF THERAPY 








NO. OF PATIENTS q —_ ACCUMULATIVI 
MONTHS AT RISK AT RISK , SUCCESS RATE (% 
A. Patients Treated by Arterial Homograft Implantation.— 
0- 6 28 21 
7-12 21 l 
13-24 13 li 
25-50 13 1 





B. Patients Treated by Aortic-Iliac Thrombocndartcrcectomy.— 

0- 6 28 24 6 

7-12 24 20 

13-24 13 13 I 

25-36 6 6 l 

*S, successful treatment, F, therapeutic failure. Maintenance of peripheral pulses and 

relief of symptoms occurred in patients considered to have been treated successfully. Those in 

whom treatment failed either died or had no peripheral arterial pulses or required amputation 

+Four died postoperatively, 2 died 2 and 4 months after operation with patent graltts 
found at postmortem examination, 


tOne died postoperatively. 
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Occlusive lesions of the aorta and iliae arteries of 28 patients were removed 
by thromboendarterectomy. One patient died postoperatively of infection and 
heart failure, 3 represented immediate therapeutic failures because pulses could 
not be palpated in the peripheral arterial tree. No patient required reoperation 
for postoperative thrombosis in the endarterectomized segment or for hemor- 
rhage. The pulse distal to the operative site in 1 extremity of 4 patients dis- 
appeared within 9 months of the operation. The symptomatic improvement of 
the extremity persisted in 3 of these 4 persons and symptoms of ischemia re- 
turned in 1. No amputations were required and no patient considered his ex- 
tremities worse than before operation. Twenty of 28 patients had palpable 
pulses distal to the operative site 12 to 34 months after operation (Table IV). 


Femoropopliteal Artery Occlusive Disease-—Of the 44 persons operated 
upon for femoropopliteal occlusive disease, 27 had bypass arterial homografts 
and 17 had thromboendarterectomy of the occluded arterial segment. Fourteen 
patients had rest pain, 3 had gangrenous digits, and 31 complained of exercise 
claudication of the lower extremities (Table I). Twenty-one of 27 patients 
with homografts implanted had ‘‘advanced’’ ischemia, e.g., rest pain, ulceration, 
or gangrene (78 per cent). These conditions were present in 9 of 17 patients 
treated by endarterectomy (56.3 per cent). 


TABLE V. OCCLUSIVE DISEASE OF THE FEMOROPOPLITEAL ARTERY: RESULTS OF THERAPY 








RESULTS OF TREAT- 








NO. OF PATIENTS MENT ACCUMULATIVE 
MONTHS AT RISK AT RISK ig ¥* | SUCCESS RATE (%) 
A. Patients Treated by Implantation of Arterial Homografts.— 
0- 6 27 16 11 59 
7-12 16 15 1 56t 
13-24 11 9 g 45 
24+ is 6 1 39 
Bb. Patients Treated by Thrombocndartercctomy.— 
0- 6 17 11 6 65 
7-12 PD 10 1 59 
13-24 6 6 0 59 
25-36 2 2 0 59 





_ _*S, successful treatment, F, therapeutic failure. Maintenance of peripheral pulses and 
relief of symptoms occurred in patients considered to have been treated successfully. Those in 
whom treatment failed either died or had no peripheral arterial pulses or required amputation. 


59) 7Per cent of patients at risk during the interval who maintained patent arteries (1%6 
X09). 


The accumulative success rate (rate of survival and remaining arterial pa- 
teney) among the 27 persons treated by the implantation of homografts is sum- 
marized in Table V. Thrombosis in the area of graft occurred postoperatively 
in 7 and in 8 others the pulses disappeared 4 to 30 months after operation. The 
restored peripheral arterial pulses have persisted in 12 patients more than 12 
months after operation. Three of 17 persons undergoing femoropopliteal en- 
darterectomy suffered immediate postoperative thrombosis of the endarterec- 
tomized artery and 4 other patients had reocclusion of the artery 1 to 7 months 
after leaving the hospital. Two patients required amputation of the extremity, 
one 7 days after thromboendarterectomy, the other 5 months after operation. 












~ 


558 AND BUTCHER Sure: 


STOKES 
September, 19¢ 










Two of the patients whose pulses disappeared remained symptomatieally im 
proved. Ten of the 17 endarterectomized arteries were patent by palpation o 
arteriogram from 12 to 24 months after operation (59 per cent). Failures « 
therapy among patients operated upon for femoropopliteal arterial occlusiv: 
disease occurred for the most part during the 6 months following operation. 












DISCUSSION 





Factors which might influence a comparison of the results of homograt' 
substitution with the results of thromboendarterectomy (TEA) for treatment o 
arterial occlusive disease are: ages of the patients, the location and extent o! 
their arterial occlusive disease, and the improvement in the technical competence 
of surgeons as their experience in treating this disease increases. The age dis 
tributions of the 2 treatment groups, the extent of the arterial occlusions seen 
in preoperative arteriograms, and the incidences of other associated vascular 
disease among the patients in the treatment groups were homogeneous. How- 
ever, the age distributions and the extent of occlusion in the patients did differ 
when related to the site of major arterial occlusion. Patients with aortic-iliac 
occlusive disease were less than 50 years old significantly more often than were 
those with femoral and popliteal arterial disease. The lengths of obstruction 
of the aortie and iliae arteries in most patients were short while the femoro- 
popliteal arteries of the persons with disease at this site often had long ob- 
structed segments associated with extensive narrowing of the artery above and 
below the site of obstruction. One or more of the popliteal branches were oc- 
cluded in one-third of the patients with femoropopliteal arterial occlusion. The 
patients with occlusions of the femoral and popliteal arteries had signs of ad- 
vanced ischemia more often than did the persons with aortic-iliae occlusion 
(Table IT). 

Oeclusion of the treated arterial segment as a cause of treatment failure 
most often occurred during the 6 months following operation in the patients of 
both treatment groups. Subsequently, failure occurred at a greatly reduced 
rate (Tables IV, V). The data of other studies in arterial reconstruction for 
occlusive disease show similar evidence of a much higher rate of closure in the 
early postoperative period than later.’\* Arterial homograft thrombosis oc- 
eurred as late as 26 months in one individual (Fig. 1) and was not associated 
Some of 
























with evidence of progression of the disease in the peripheral arteries. 
the factors associated with late thrombosis were evident from the findings of 
arteriography and reoperation. Degeneration of the homograft, stenosis at an 






anastomosis, and progression of disease in the peripheral arterial tree have 
been implicated as causes of late thrombosis.'? The 20 per cent failure rate of 
primary repairs of arterial injuries indicates the late closures of repaired ar- 
terial segments are not dependent entirely upon the material used for arterial 
substitution.* No patient in this series had closure which could be proved to be 
related to progression of occlusive disease in the distal artery. If the distal 
arterial system remained patent (Fig. 2) after occlusion of a homograft a second 










operation was performed when symptoms justified further treatment. Two pa- 
tients whose grafts became occluded subsequently were again improved by 
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thromboendarterectomy. Thrombosis of the implanted homograft oceurred in 
3 patients without noticeable effect, but in 2 others the onset of occlusion was 
marked by a sudden return of ischemic pain. This emphasizes the unreliability 
of evaluating patency on the basis of clinical symptoms. 

The inner surface of the arterial wall after thromboendarterectomy may be 
irregular because of the operative technique. However, if the immediate failures 
are eliminated the maintenance of pateney is higher after thromboendarterec- 
tomy than after homograft reconstruction among patients in this and other 


B. 


after femoral popliteal thrombo- 


A. 
Fig. 1.—Arteriogram before operation (A) and 3 months 
endarterectomy (B). 

series (Table VI). The patency rates for thromboendarterectomy as reported by 
different workers are more nearly the same than those reported for arterial homo- 
grafts or autogenous vein grafts. The inability to predict homograft-host re- 
action may be a factor in the greater individual variations in homograft results.” 
Masarelli and Estes'® studied the complications of patients with aortic-iliae 
occlusive disease and claudication of the lower extremities who were managed 


Without operation for 3 years. None of these persons had amputations or died 
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TABLE VI. FEMOROPOPLITEAL RECONSTRUCTION 


PATENT ARTERY OR ARTERIAL GRAF’ 
l YEAR OR MORE AFTER OPERATION 
PER CENT OF PA 
TIENTS INITIALLY 
NO. OF PER CENT OF | TREATED SUC- 
PATIENTS ALL PATIENTS | CESSFULLY 














1. Warrent4 
TEA 21 55 61 
Autogenous vein graft 13 18 20 
Arterial homograft 36 # 13 
. Cannon! 
TEA 45 
. Shawt! 
Autogenous vein graft 
Arterial homograft 
. Kunlins 
Autogenous vein graft 


. Crawford and De Bakey? 
Dacron graft 
Arterial homograft 


}. Present series 
Femoropopliteal TEA 17 
Arterial homograft 27 
Aortie 
TEA 28 
Graft 28 





as a result of the arterial occlusive disease during the 3 years of observation. 
However, patients with femoral and proximal popliteal arterial occlusions were 
not included in this study. Advanced ischemic changes are significantly more 
frequent in the latter group (Table I) and the generalized arterial involvement 
is reflected in a much lower survival rate for this group than for a similar 
population of the same ages. The life expectancy of patients with peripheral 
arterial occlusive disease is less than that of the general population of similar 
age.’ Freeman‘ reported death of one-third of 37 patients with ischemic symp- 
toms of the lower extremity followed 3 years after operation for arterial oc- 
elusive disease and no deaths in 50 patients with claudication only. Of the 
entire group of 87, 9.6 per cent died within 3 years. Of the patients surviving 
operation in the Barnes Hospital, 6 (6.4 per cent) have died subsequently. The 
causes of death are listed in Table VII. 

Comparable long-term studies on larger numbers of untreated and treated 
patients with arterial occlusive disease are necessary before accurate conclusions 
ean be drawn regarding the effect of arterial reconstructive surgery upon life 
expectancy and extremity survival. Since little or no mortality is associated 
with operation limited to the extremities, corrective arterial reconstruction, when 
possible, seems well justified in the patient with symptoms of ischemia from 
femoropopliteal arterial occlusion. However, the disability among persons with 
aortic-iliae occlusive disease must be sufficiently great to justify the greater risk 
of the intraperitoneal operation required to correct it.° 
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TABLE VII. THe LATE CAUSES OF DEATH IN OCCLUSIVE ARTERIAL RECONSTRUCTION 


INTERVAL AFTER TREATMENT _ 
DIAGNOSIS ( MO.) 


Carcinoma 4 
Carcinoma 34 
Cerebral hemorrhage 10 
Heart disease 2 
Heart disease 6 
Heart disease 38 
Serum hepatitis 2 
Unknown 24 


NO. OF PATIENTS 





| 
| 
| 
| 


ee ae ee 


| 








A. 


: Fig. 2.—A, Arteriogram before implantation of homologous arterial shunt graft. B, Ar- 
teriogram 18 months after A when sudden ischemic pain recurred. Femoropopliteal throm- 
boendarterectomy resulted in relief of claudication. 


The Life Table Method for the Evaluation of the Results of Therapy.—The 
efficacy of arterial reconstruction is not determined by the immediate success or 
failure rate but depends upon the long-term function. 

To compare the efficacy of various treatment methods a system is necessary 
Which permits comparison of success and failure data for prolonged periods after 
therapy. The principle of the caleulation used in constructing the life table‘ 
which has been widely used in the caleulation of age specific mortality rates and 
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cancer survival rates is well suited to the evaluation of the results of thera 
and has been used in preparing Tables IV and V of this paper. The constr 
tion of a life or ‘‘at risk’’ table is of further use in that the chi square ean |e 
applied to each time interval and the sum of the chi square may be treated as 
a single value in evaluating data. This method permits the correlations of tlie 
number of patients at risk with the number failing during any selected interval 
of time (i.e., 6 months or 1 year). The accumulative failure or success rate is 
tabulated in the right hand column and summarizes the total success rate at the 
end of each of the intervals. In this way, it is possible to delimit failures of 
treatment at any time. It also permits the assessment of the influence of the 
rate of failure during a specific period of time upon the final rate. Data which 
provide only the total failure rate within a patient population consisting of 
individuals treated for long periods, without specifying the number of failures 
and the number of individuals treated during specific discreet intervals, cannot 
be used to evaluate a method or compare different methods of treatment of a 
disease. 

The adoption of the life table in reporting and comparing treatment effects 
of occlusive arterial disease coupled with a more uniform classification of pa- 
tients would provide information of great value. The effects of therapy and 
the course of the disease in untreated patients would be apparent from such 
tables. This method entails no greater effort than other reporting methods. 


SUMMARY 


One hundred persens were operated upon for occulsive disease of the aorta 
and peripheral arteries. Fifty-six operations involved the aorta and iliae ar- 
teries and 44 were performed for disease of the femoropopliteal arterial system. 
Arterial homograft substitution of the aortic-iliae arteries was immediately suc- 
cessful in 21 of 28 patients (75 per cent). Aortic-iliae graft patency has been 
maintained for 12 to 50 months in 13 of the patients with homograft treatment. 
Thromboendartereectomy of aorta and iliae arteries was immediately effective in 
24 of 28 persons operated upon (86 per cent) and long-term patency of the 
artery operated upon persisted 13 to 34 months in 20 (71 per cent). The ac- 
cumulative sueeess rate (Tables IV, V) for aortic-iliac grafts after 6 months 
was 46 per cent compared to 71 per cent for thromboendarterectomy. For the 
entire follow-up period the failure rate was 46 per cent (13 of 28) of grafts and 
29 per cent for thromboendarterectomy. The results of treatment by thrombo- 
endarterectomy appeared to be superior to those following arterial homograft 
implantation in patients having ceclusive disease of the aorta and iliae arteries 
(x? = 3.62, P = .06). 

Both the immediate and late results of treatment of femoropopliteal oeclu- 
sions were less successful than the treatment of aortic-iliaec arterial occlusion. 
Only 15 of 27 patients treated with femoropopliteal homografts and 10 of 17 
treated by endarterectomy had patency 12 to 48 months after operation. The 
suecess of treatment was similar whether the femoropopliteal arterial occlusion 
was treated by arterial substitution or by thromboendarterectomy. 
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THE PERFORMANCE OF COMPLEX FETAL OPERATIONS IN UTERQ 
WITHOUT AMNIOTIC FLUID LOSS OR OTHER DISTURBANCES 
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(From the Department of Surgery, Medical College of Virginia) 


HE growth, development, and physiology of the mammalian fetus have 

been the subjects of a great number of studies over the past years. The 
inaccessibility of the fetus in its natural state has, however, often proved to be 
a significant obstacle in such work. In most physiologic studies, exteriorization 
of the fetus has been accepted as a practical necessity. In the study of effects 
of various lesions on growth and development, only relatively simple defects 
have been created. In contrast, the technique deseribed in this paper allows for 
the performance of complex and prolonged fetal manipulations with maintenance 
of minimally disturbed fetal-maternal relationships. The general method for in 
utero operations will be presented and a specifie illustrative operation (fetal 
adrenal cannula) will be deseribed in detail. 


MATERIALS, METHODS, AND RESULTS 


Mongrel dogs in various stages of pregnancy were used in the experiments. 
The gestation time was roughly estimated according to the size of the fetus 
and fetal head. 

Two types of maternal anesthesia were used, (1) ether and oxygen, and 
(2) intravenous Pentothal sodium and curare. Intravenous Nembutal had 
been tried earlier but abandoned because the extremely high doses required to 
maintain relaxation in the mother appeared to be detrimental to the fetus. 
Oblique flank incisions, both muscle-splitting and muscle-cutting, and midline 
incisions were used successfully. Any compression of uterine blood vessels 
was specifically avoided. The attainment of good relaxation in the 
appeared to be important in achieving this objective. 

A fetus lying in a convenient position relative to the maternal incision 
was chosen for the experiment. The proper anatomie area of the fetus for 
the proposed operation was located by palpation and that area ballotted against 
the uterine wall. A No. 3-0 chromic catgut suture with an atraumatic needle 
was passed through the uterine wall and through the fetal skin at a point 
lying at one end of the anticipated incision. The suture was tied and a run- 
ning stitch through the uterine wall and fetal skin was earried in a gentle 
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curve lateral to the line of the proposed incision, then back in a similar manner 
to the original starting point so that an elliptical area was cireumscribed 
(Fig. 1). 

An incision was then made within the area of the ellipse through the 
uterine wall and through the fetal skin. The cut edges of the fetal skin and 
uterus were stitched together with a running No. 4-0 catgut suture in order to 
vive further protection against the possibility of loss of amniotie fluid at the 
operative site. In this manner a marsupialization of the fetus was achieved. 
A specifie operation was then carried out through the initial incision by means 
of standard surgical technique. 

For collection of adrenal effluent by inferior vena cava cannulation, the 
operative approach was through the right flank. Once the marsupializing 
incision had been made, the vena cava was exposed largely retroperitoneally. 
This approach was used because of difficulties occasioned by the rather high 
intra-abdominal pressure in the fetus. 





Fig. 1.—Pregnant dog uterus (//) with initial preparation for marsupializing incision 
complete. Elliptical suture (2) binding uterus and fetus, cut edge of incised uterus (3), and 
exposed fetus (4) may be seen. 





The dissection was carried down to the vertebral column, extending su- 
periorly to the rib cage, with section of 1 or 2 ribs, and infericrly to the june- 
ture of the hind leg with the trunk. The transverse processes were cleared, and 
the inferior vena cava was exposed anterior to the spinal column. The cava 
was next dissected free superiorly, at which point the abdominal cavity was 
entered in a small area. The liver, which generally protruded through this 
small opening, was packed back with a eotton pledget moistened with warm 
saline. A No. 4-0 silk suture was passed around the cava proximal to the in- 
flow of the right lumboadrenal vein. Both ends of the suture were passed 
through a length of No. 190 polyethylene tubing with a finely tapered tip, 
thus forming a releasable choker. A small polyvinyl cannula was inserted 
into the vena cava distal to the renals and tied into place with No. 4-0 silk 
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(Fig. 2). The edges of the uterus and fetal skin were then separated by ci 
ting the suture binding them. The fetus and uterus were closed separate|y 
with a running No. 3-0 catgut suture. 

The original elliptical suture was then cut in several places, allowing the 

2 ] I - 

The collecting cannula and choker 
The maternal 


fetus to separate from the uterine wall. 
were led out through the fetal and uterine incisions (Fig. 3). 
abdominal incision was partially closed. The preparation was then ready for 


sampling. 


Fetal Skin 

. Chorionic Membrane 
Amnion 

Uterine Wall 
Subcutaneous Tissue 


Fig. 2.—In utero fetal adrenal cannula. Placement of vena caval cannula and choker is 
complete. Inset is a cross-sectional diagram showing the fetus attached to the uterus with an 
incision extending through both into the subcutaneous space of the fetus. The amniotic and 
chorionic spaces are seen to be sealed. 

Timed samples of adrenal venous plus renal blood were obtained before 
and after the intravenous injection of 5 U. of ACTH into the fetus. These 
samples were analyzed for concentration of 17-hydroxycorticosteroids, and out- 
put per minute of hormone was ealeulated. Further experiments in this study 
are at present underway in our laboratory and will be reported in detail at a 
future time.!” 

Various other fetal operations, including cannulation of the carotid artery 
and jugular vein, cannulation of the inferior vena cava and the common iliac 
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artery, creation of various brain lesions, and bilateral pneumonectomy, have 
been carried out in a similar manner. 

In many experiments the electrocardiogram of the fetus was obtained by 
the direct, 3-lead technique of Jackson, Clarke, and Egdahl. The electrocardio- 
gram was then monitered frequently throughout the experiment. Daily observa- 
tions of the fetal electrocardiogram were made in some instances in fetuses in 
which lesions had been created. 


4. Cannula in 1V.C. 


Choker 





Fetus in uterus 


Fig. 3.—Completed fetal adrenal cannula. Fetal and uterine incisions have been closed and 
fetus and uterus separated. Cannula and choker have been led to the outside. 


DISCUSSION 


In the past fetal operations have been performed in connection with 2 


general types of experiments: (1) the creation of a lesion of some type with 
observation of the fetus during further development, and (2) aeute physiologic 
studies. 

Essentially 3 approaches have been used in the creation of lesions. In the 
first, the fetus has been delivered from the uterus, an operation performed, 
and the fetus left to develop in the abdominal cavity of the mother as an 
extrauterine pregnancy. Mayer,'®? Jones and Hooker,'* and Wells’? have 
utilized this technique and have obtained fairly good survival of rat, rabbit, and 
mouse fetuses operated upon. 

A second method has consisted of delivery of only a portion of the fetus 
from the uterus with return to the in utero position after operation. Total 
removal of the fetus from the uterus with subsequent replacement has rarely 
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been successful because of a marked contraction of the uterus following 
of its contents. Foote and Foote,?’ Domm and Leroy,’ Jost,'* Cowen snd 
Laurenson,® and Barron® have all used this basic technique. 

A third type of procedure has involved operation on the fetus in utero, 
usually with a significant loss of amniotie fluid. Barron,* Barnard,’ Hall and 
Schneiderhan,’ and Gerard and Grinker* have all reported some decrease in 
loss of amniotie fluid through various refinements of this technique. Nicholas," 
and Hooker and Nicholas'’ have used this technique without particular concern 
for fetal fluid loss. 

The various lesions created in the procedures deseribed above have been 
fairly gross and relatively simple. Amputation, spinal cord section, gross brain 
lesions, and extirpation of superficially placed endocrine glands are typical 
examples. 

There is at least some suggestive evidence that the loss of amniotic fiuid 
incurred with the previously mentioned techniques may be significant in itself 
in the alteration of the growth and development of the fetus. Wells'® has 
reported fetuses which have been operated upon to be much weaker than 
normal and to have a definitely foreshortened survival time following delivery. 
Jost'* has found fetuses with operations in certain of his experiments to be 
much smaller than normal at the time of delivery. 

The great majority of fetal physiologie studies has been carried out on the 
exteriorized fetus. Work done in the monkey and sheep by the placental vessel 
cannulation technique of Reynolds, Paul, and Huggett' is a notable exception. 
This method is, however, limited to specific animals, such as the monkey and 
sheep, which have a suitable type of anatomic placental arrangement. The 
method also makes no provision for the direct approach to, or manipulation of, 


any structures in the fetus proper. These same authors have emphasized the 


importance of carrying out fetal physiologic studies with the fetus in utero 
and without loss of amniotic fluid on the basis that only in this way can normal 
eardiovascular dynamics be maintained in the fetus. Reynolds and Paul," 
utilizing the placental cannulation technique mentioned above, have demon- 
strated a definite relationship between fetal vascular pressure and intrauterine 
pressure which naturally would be lost on fetal exteriorization. 

A decrease in fetal oxygenation, alterations in placental transfer, and fall 
in blood pressure consequent to fetal exteriorization have been discussed previ- 
ously by Jackson, Clarke, and Egdahl.'' Bareroft! has stated that studies and 
observations on vascular reflexes must be made quite rapidly, as mere exposure 
of the fetus results in significant central nervous system deterioration within a 
relatively brief period. 

The marsupializing incision described in this paper allows for virtually 
as complete manipulation and study of the fetus lying within the uterus as in 
the exteriorized fetus. At the same time the fetus is maintained in good 
general condition, and normal fetal-maternal relationships are preserved. The 
direct, 3-lead fetal eleetroeardiogram provides a good monitor of fetal status. 


Fetuses have been found to maintain an unehanged cardiae rate and rhythm 
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after 2 or more hours of operative manipulation, whereas, a definite bradyeardia 
is present in most fetal distress states. This increased knowledge regarding the 
general condition of the fetus is valuable in lending increased validity to any 
physiologie study being undertaken. Daily information concerning the viability 
and eardiae status of fetuses with chronie lesions is most helpful in following 
such experiments. 

The new operative approach to the fetus described in this paper makes 
possible a much broader range of experimentation in the field of fetal study 
than has previously been possible. The desired fetal operation may be carried 
out in a leisurely and detailed manner. In addition, because of the maintenance 
of relatively normal fetal-maternal relationships, the possibility of nonspecific 
effects is greatly reduced. 


SUMMARY 


1. Definitive studies in fetal physiology and fetal growth and development 
ean be carried out only with the fetus in utero and without significant loss of 


amniotie fluid. 

2. An operative technique which closely approximates these criteria for 
ideal fetal studies has been developed and described. 

3. The deseribed operative technique achieves a stable situation allowing 
for sate, leisurely, and detailed manipulatnon of the fetus. 


The technical assistance of Mr. George J. Piasecki is appreciatively acknowledged. 
g Py} 7 
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MESENTERIC LYMPHATIC REGENERATION AFTER AUTOGRAFTS 
OF SMALL BOWEL IN DOGS 
BERNARD Goott, M.D., RicHarp C. LILLEHE!, M.D.,* AND 


FLETCHER A. MILLER, M.D., PxH.D., 
MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 


ECENTLY we described a technique for removal of the entire small bowel 

of the dog from the abdomen, except for a few centimeters of duodenum.’ 
If cooled to 5° C., this bowel could then be held in vitro up to 5 hours without 
loss of viability. When the bowel was returned to the peritoneal cavity, a single 
arterial and venous anastomosis restored the circulation and intestinal anasto- 
mosis restored normal continuity. The procedure at first carried a high mor- 
tality rate because of errors in technique or postoperative pneumonia, but in no 
case could a death be attributed directly to interruption of the lymphatics which 
were, of necessity, completely severed. With mastery of more satisfactory tech- 
niques, we were able to obtain a high percentage of long-term survivors. 

The absorption of fat is almost entirely dependent upon the lymphatics of 
the small bowel.'* Thus, the prolonged survival of dogs with such autografts 
and the normal nutrition after recovery from this procedure indicated that either 
prompt regrowth of the lymphatics had oceurred between the autografted bowel 
and the central lymphatie system, or fat absorption was being accomplished by 
other means. 

At this time, we present the results of our experiments which indicate that 
adequate lymphatics do regenerate and these functioning lymphatics can be 
demonstrated by special dye studies and nutritional studies. 


METHOD OF STUDY 


In a series of dogs, the small bowel was completely removed by the method 
previously deseribed.® The resection extended from the proximal duodenum to 
the cecum and ineluded all the nodes contained in the mesentery. After an 
interval of several hours, during which the bowel had been held in vitro at 
5° C., it was replaced in the peritoneal cavity as an autograft and normal con- 
tinuity of the bowel and its vasculature was restored. No attempt was made to 
re-establish lymphatic connections. This procedure was successfully performed 
in 20 mongrel dogs. 

Exploratory operations were again performed on 6 of these surviving dogs 
at intervals of 1 week, 2 weeks, 1, 3, 4, and 12 months. Two methods were used 
to outline the mesenteric lymph channels in these operations. The first method 

Supported by Grant No. A-3361 from the United States Public Health Service. 
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was the use of vital dye (sky blue) as deseribed by MeMaster and Hudack.* T), 
other was the injection of approximately 10 ¢.c. of radiopaque dye (Renografii 
into the mesenteric lymph nodes of the autograft, followed by serial x-ra 
examinations. 

RESULTS 

In each dog, long-term follow-up showed that digestion and nutrition were 
not impaired despite complete severance of the lymphatic connections. Though 
the dogs had been subject to diarrhea in the immediate postoperative period, by 
the tenth day the stools appeared normal, and there was no evidence of impaired 
fat absorption. Moreover, all dogs regained their preoperative weight after 
recovery from the operation. 

At the stated intervals, the abdomen of each dog under study was opened. 
In all the dogs the bowel appeared healthy and nonedematous. There was no 
free fluid in the peritoneal cavity. However, the lymph nodes in the mesentery 
of the autografted bowel were enlarged and edematous. Upon injection of 0.5 
c.c. of sky blue dye into the nodes of the mesentery of the autografted bowel, 
gentle massage resulted in the rapid appearance of colored streamers across the 
line of resection of the mesentery. Within 15 minutes, the lymphatics around thie 
portal vein and the thoracic duct demonstrated the presence of dye (Fig. 1). 

The passage of dye into these lymphatie vessels around the portal vein and 
into the thoracic duct could occur only if there were continuity of lymph 
channels across the line of resection, that is, regeneration. Radiographic studies 
were performed in 2 of the dogs, and the presence of the contrast agent in the 
main lymphatie channels proximal to the line of resection in the mesentery and 
the thoracie duct is shown by Figs. 2 and 3. 

Lymphatic regeneration occurred early and could be demonstrated as soon 
as 2 weeks after the original resection, though not before this time. The longer 
the interval after operation, the more complete the regeneration of lymphatic 
channels appeared to be. 

Using the same surgical techniques as described above, homografts of the 
small bowel were made but studies on lymphatic regrowth in these dogs were 
uniformly unsuceessful, as none survived beyond 8 days. Death was apparently 
due to the immune response.‘ 

DISCUSSION 


An extensive review of the embryologie development and the manner of 
regeneration of the lymphatics of the skin and limbs of mammals has been pub- 
lished previously." Clark! was able to make continuous microscopic studies of 
the regenerating lymphaties and blood vessels of the rabbit ear by the insertion 
of transparent chambers into the ear. He observed that new lymphaties sprouted 


from existing lymph channels, subsequent to the growth of blood vessels. 
MeMaster and Hudack® observed similar regeneration in the ears of mice after 
incisions or burns. Coffin,? in 1906, demonstrated the growth of lymph channels 
from the bowel of the dog into surrounding granulation tissue. Evans,* in 1905, 
reported on the growth of lymphatics from the mucosa into metastatie tumor in 
the bowel wall. In 2 dogs, Meyer® studied lymphatic regeneration after remova! 
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Fig. 1.—Sky blue dye visible in thoracic duct of dog 20 minutes after injecton of the dye into 
a lymph node of the small bowel autograft, 4 months after operation. 
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of the large lymph nodes in the root of the mesentery. In one, he found no 
evidence of regeneration after injection of Prussian blue. In the other regenera- 


tion was evident, although, as he suggests, the passage of the dye into the main 
lymphatic system may have been via channels uninterrupted in the original 
operation. In our study, however, this objection has been obviated by the com- 
plete removal of the bowel and its mesentery from the peritoneal cavity before 


its replacement. 


Fig. 3. 
Figs. 2 and 3.—Renografin visible in thoracie duct 30 minutes after being injected into a 
lymph channel of the small bowel autograft. The dogs were sacrificed 1 and 3 months after 
the experiment. 


The studies reported by the investigators cited above have proved that 
lvmphaties undoubtedly have the capacity to regenerate. However, the funce- 
tional capacity of the lymphatic regeneration cannot be derived from their 
studies because the tissue involved was never completely dependent upon the 
newly regenerated lymphatics for total drainage. In this connection, the work 
of Reichert’® has demonstrated the funetion of regenerated lymphaties in the 
reimplanted leg of the dog. He was able to see regeneration of both deep and 
superficial lymphatics within 8 days unless infection or extensive scarring oc- 
eurred, which delayed the growth of new lymphaties. The functional capacity 
of these new lymphatics was evident when the leg failed to swell after ligation 
of the femoral vein. However, if the lymphatics were blocked before the twelfth 
postoperative day by the injection of India ink simultaneous with the vein 
ligation, the leg became edematous. After the twelfth day, no edema could be 
produeed by either of these methods, indicating adequate regeneration of both 
venous and lymphatie systems across the incisional bridge. 
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The findings of Reichert on the functional regeneration of the lymphati: 
after operation and the deleterious effects of infection upon this regrowth su 
port the contention of Halsted that the delayed swelling of the arm that m: 
oceur long after radical surgery for carcinoma of the breast is not due to me 
excision of the axillary lymphaties, but that other factors, notably infection 
recurrence, are responsible.® * 

Our studies were designed to illustrate the functional capacity of the in 
testinal mesenteric lymphatic regeneration. New growth of lymphaties across 
the line of resected mesentery was demonstrated by 2 weeks, and by 1 moni! 
there was extensive regrowth of lymphatics which enabled fat absorption to 
proceed normally. As a result, the dogs regained their normal preoperative 
weight and remained in good health as long as they were followed, 12 montlis 
being the longest time (Fig. 4). 


Fig. 4.—Dog with almost total small bowel autograft 1 year after the procedure. The nutri- 
tional state is excellent. 

These results, demonstrating prompt Ivmphatie regrowth sufficient to main- 
tain normal nutrition, and the knowledge gained from our previous experiments, 
indicating that anastomoses of the superior mesenterie vessels will remain patent, 
perhaps may stimulate surgeons to perform more aggressive operations for 
malignancies involving the superior mesenteric vessels and/or adjacent tissues, 
without fear of late thrombosis of the vessels or nutritional problems due to 
faulty fat absorption. 

SUMMARY 


The ability of the totally severed lymphaties of the autografted small bowel 
of the dog to regenerate promptly and resume full functional capacity has been 
demonstrated, both by the excellent nutritional state of the dogs studied and by 
the use of vital dye and radiographic techniques. 

These results indicate that the possibility of severing the lymphatie drainage 
of the bowel need not be a deterrent to more radical surgery, should this be 


warranted in instances of disease involving the superior mesenteric¢ vessels. 
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SURGICAL TECHNIQUE FOR REDUCING RENAL MASS IN DOGS 
ALEX L. FINKLE, M.D., Sara J. Karo, M.A., JEAN BaAuLuArRpD, A.B., AND 
DonALD R. SmitrH, M.D., SAN FRANCISCO, CALIF. 


(From the Department of Surgery, Division of Urology, University of California 
Medicine ) 


[" IS difficult to estimate renal response to limited quantities of toxie material. 
Functional capacity of the intact kidneys is so great the subtle nephrotoxic 
effects may be imperceptible by the usual tests of renal function. It was hoped 
that these same tests would engender previously unattainable information when 
applied to functionally unimpaired, physically reduced renal parenchyma. 

Reduction of renal mass is not a new econeept. * *° Chemical damage," 
bacterial insult,'® and surgical ablation® of renal tissue have been used to eireum- 
scribe certain aspects of renal function for experimental purposes in a variety 
of animal species. Surgical removal of 75 per cent of the renal mass has been 
reported in a patient with bilateral hypernephroma.'* Progressive depletion 
of renal mass has been accomplished experimentally and compensatory hyper- 
trophy has been studied.'' '*-'*. '* No studies are known to the authors in which 
coordinated renal clearance studies were made as eraded reductions of renal 
mass were performed. Surgical reduction of renal mass has not been utilized 
for the specific purpose of evaluating suspected renotoxins. 

Previous studies from this laboratory show that elevation of serum 
a.-globulin is a reliable index of progressive renal failure.® *° Purification of 
the as-globulin by curtain electrophoresis has been suetessful.* Parenteral 
administration of the purified material evoked an equivoeal L.D.59 response 
in mice® and produced no measurable systemic or renal reaction in preliminary 
tests on dogs. Development of a surgical technique to reduce renal mass was 
undertaken in the hope that a detectable reaction to a.-globulin would occur. 


MATERIALS AND METHODS 


Thirty-five dogs were used in this study. Of these, 12 failed to survive 
long enough for physiologic evaluation. Only 2 deaths resulted from the last 
23 operations. The technique to be deseribed was evolved by trial and error. 
Nephrectomy and later heminephrectomy constitute the sequential steps. 

Anesthesia was achieved by means of intravenous veterinary Nembutal®* 
(12 mg. per pound of body weight). Sterile preparation and draping were 
varried out. The dog was placed on its right side and a subeostal left flank 
incision was made which exposed the muscles. The muscles were separated 
bluntly, permitting entry into the peritoneum. The mobile renal pedicle was 


separated from the ureter. Blood vessels and ureter were clamped separately, 
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ligated with No. 1 chromic catgut, and transected. Closure of the wound was 
effected by through-and-through continuous suture of No. 1 chromic catgut, 
incorporating peritoneum and all muscular layers. Subeutaneous tissue was 
approximated with interrupted sutures of No. 2-0 plain catgut. Skin was closed 
by a running subeuticular suture of No. 30 cotton. No dressings were applied. 

The entire operation of left nephrectomy could be performed in approxi- 
mately one-half hour. Blood loss was negligible. No animals died after this 
single operation. 

Attempts to perform left nephrectomy and contralateral heminephrectomy 
as one operation, either through bilateral flank incisions or through one trans- 
abdominal incision, led to death within 72 hours in 5 dogs. When the operations 
were performed 1 week apart, 2 of 7 dogs died. The operative mortality rate 
became insignificant when 2 weeks or longer intervened between left nephrectomy 
and right heminephrectomy. Therefore, that interval between operations be- 
came standard in this study. 

Incision and exposure of the right kidney were identical with that described 
for the left. After separation of the ureter and isolation of the renal pedicle 
for about 3 em. proximal to the hilum, 1 or 2 small rubber-shod bulldog clamps 
were placed across the pedicle. A wedge of kidney was removed from the lower 
pole by means of oblique incisions made anteriorly and posteriorly to join 
at the ecalyees (Fig. 1). About one-third of the kidney was thus resected. It 
was presumed that searring alongside the line of excision would reduce renal 
mass to essentially 50 per cent. 

Closure of the lower pole of the kidney was accomplished by insertion of 
a strip of fat measuring 1 by 5 em. (taken from any subcutaneous portion of the 
wound) against the calyees, at the apex of the V-shaped defect. A No. 1 
chromie catgut suture swaged to a straight needle (that is, Atraumatie needle) 
was then inserted through the renal parenchyma about 1 em. below the re- 
sected edge so as to encompass the fatty tampon before being looped and 
ligated in mattress fashion against bits of buttressing fat (Fig. 2). Three or 
4 such mattress sutures usually sufficed to control major bleeding. This was 
tested by momentary release of the bulldog clamp from the renal pedicle 
within 15 minutes or less after the pedicle was first occluded. Any active or 
moderate bleeding seen superficial to the central strip of fat was controlled 
by mattress sutures of No. 1 chromic catgut on the Atraumatie needle, placed 
approximately 0.5 em. beneath the edges of the wound. The latter sutures 
closed the edges of the wound incompletely but produced adequate hemostasis. 
Small bits of fat were also used laterally here, to protect against cutting 
of renal substance by the suture. 

When the pedicle clamps were finally released, little or no bleeding 
emanated from the lower pole of the kidney. Minor, slow venous 00ze was 
ignored. Closure of the wound was accomplished in the manner described 
for the left side. 

The entire operation usually took about 1 hour. Occlusion of the renal 
pedicle was not permitted for more than 20 minutes at a time. Ischemie damage 
to the residual renal mass may be anticipated if the pedicle is clamped for 
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longer than 1 hour. The total period of clamping was usually 30 mim 
Complications were few and were usually minor, such as superficial inte 
tion of the edges of the wound. 


Rubber-shod 
clamp on 
vascular 


pedicle 


Subcutaneous fat 
freed for suture 
buttressing, 


(B) 


Fig. 1.—Incision into lower pole of the right kidney (A) to excise a wedge of tissue 
rena 


representing approximately two-fifths of the renal mass. Note rubber-shod clamp on 
pedicle, from which ureter is separated. 

Fig. 2.—Tampon of fat occupies surgical defect of lower pole of kidney. 
needle completes second loop, now superficial, to nearly oppose edges of defect 
bits of fat as buttress between suture and renal parenchyma to prevent laceration of 
Completed repair shows central tampon and lateral pads of fat. Edges of defect do not abut 
fully. There is only negligible bleeding as venous ooze, if any, now. 


Atraumatic 
(C). Note 
kidney. 


Cause of death was not sought beyond gross observation at autopsy 0! 
those dogs that died within 72 hours after nephrectomy-heminephrectomy. No 
characteristic findings were noted. 

DISCUSSION 


Many experiments may be made with dogs in which renal mass is reduced 


to 25 per cent of normal. Evaluations of various pharmacologic agents, as well 
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as of the nephrotoxic effect of purified serum a.-globulin, may be made. We 
plan to investigate the effect of the latter in future studies. We are also study- 
ing inulin and para-aminohippurate clearances by this renal remnant.  Re- 
sponse to sudden massive withdrawal of blood is being investigated. Ability of 
the reduced renal mass to modify acid-base imbalance is being tested by ex- 
perimental imposition of acidie or basic loads upon the animal. Blood pressure 
measurements are being made at various intervals after the 2 renal operations. 
Measurement of cardiac output and proportionate distribution to the residual 
renal parenchyma will be investigated. Catheterization of the aorta will be 
carried out in order to insert various test materials (including a@,-globulin) 
directly into the renal artery. 

Renal biopsy and correlated biochemical studies are planned in order to 
produce a composite picture of biochemical and histologic response to many 
stimuli. 

SUMMARY 


Successful surgical reduction of renal mass by 75 per cent in dogs is 
described. The operation, consisting of left nephrectomy and, about 2 weeks 
later, right heminephrectomy, was successfully accomplished in 23 dogs.  Dia- 
erammatie and verbal description of the surgical technique are presented. Uses 
of this sensitive biologic preparation for various studies are suggested. 


ADDENDUM 


Since preparation of this paper, a pathophysiologic study of reduced renal mass has 
been published by Kolberg (Scandinav. J. Clin. & Lab. Invest., vol. 11, supp. 41, 1959). 
This work reports in detail the glomerular and tubular function in various animals after a 
75 per cent reduction of nephron number. The physiologic implications of impaired renal 
function have been excellently described in a recent article by Franklin and Merrill (Am. J. 
Med. 28: 1-7, 1960). 
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A METHOD OF PRODUCING AN EXPERIMENTAL 
DUODENAL FISTULA 


BEN Cops, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 


HE study of gastric physiology occasionally requires study of the duodenum. 

Several features of abnormal function of the stomach are manifested in 
the duodenum. Isolated gastric pouches are easily maintained but duodenal 
fistulas, total or subtotal, are somewhat more difficult to construct in the dog. 
They are frequently complicated by hemorrhage, poor blood supply, slough, 
and malnutrition. Regardless of the skill of the operator, the choledocho- 
jejunostomy and pancreaticojejunostomy are frequently the site of complica- 
tions. Even when these procedures are completed satisfactorily, there are fre- 
quently late deaths. The following method is presented as a way of preparing a 
fistula of the first part of the duodenum. 

With general anesthesia and intermittent positive pressure ventilation, 
a right subeostal incision is made (Fig. 1). The pylorus and the common 
duet are visualized. Linen-shod nonerushing clamps are placed across the 
duodenum distal to the common duct. The main pancreatic duet is visualized 
and earefully avoided. It usually lies 1 to 1.5 em. distal to the ampulla. 
A crushing clamp is then applied just distal to the pylorus. Similarly, a 
crushing ¢lamp is applied just proximal to the junction of the common duct 
and the duodenum. Normally, this segment is 2.5 to 3 em. in length. The 
clamps are then removed. The area is well packed off and the duodenum 
is transected at the crushed areas. If eare is taken to preserve the superior 
pancreaticoduodenal artery at this site, one need not be coneerned about the 
blood supply to the segment. After liberal saline lavage, the remaining duo- 
denum is reanastomosed to the stomach with a continuous No. 4-0 silk Connell 
suture and reinforeed with interrupted No. 3-0 silk Lembert sutures. The 
proximal end of the isolated duodenal segment is then carefully closed by 
inverting the serosa, much as a duodenal stump is normally closed. It is 
advisable to oversew a bit of omentum for security. A point is selected on the 
right side of the dog that is immediately lateral to the distal end of the 
duodenal segment (Fig. 1, inset). This usually represents a point in the 
tenth interspace at about the dog’s lateral line. Beeause of the narrow width 
of the dog and the inereased anteroposterior diameter, this point is relatively 
close to the duodenum. An incision is then made in the right leaf of the 
diaphragm at a point in a line from this external point to the duodenal segment. 
This ineision is made just large enough to accomodate the duodenal segment. 
The lung will partially collapse upon incision through the diaphragm and 
will remain out of the operative field. A linear incision is then made in the 
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skin and intercostal muscles. Care must be taken to avoid the intercostal 
vessels. A button of skin should not be excised. Allis foreeps are next intro- 
duced through the external opening and the distal end of the segment is 
erasped. Virtually no traction is required to align the duodenal opening 
with the skin edge. An airtight closure is made on both the diaphragmatic 
and skin surfaces and the pleura aspirated. This places little, if any, tension 
on the blood supply to the segment. When completed, the duodenal mucosal 
fistula measures approximately 1.5 em. in length. 

This fistula serves as a suitable receptacle for agents used in the study 
of its effects on the stomach. It is uniquely suited for study of its external 
secretions. The external opening will tend to stenose down to a pinhole size 
and, with gentle dilatation, may be opened to accomodate any size capsule. 
For the study of the secretions, the external opening must be dilated fre- 
quently. If this is the sole funetion of the duodenal segment, a button of 
skin may be excised during preparation. 

Following a period of 4 to 6 weeks, the preparation may be converted 
to a near total duodenal fistula if desired. This period of time is necessary 
to allow the previous pyloroduodenostomy to revascularize. The subeostal 
incision is re-entered. The panereatie duct is visualized. A linen-shod non- 
crushing clamp is placed proximally on the duodenum. Care is taken here 
to avoid the bile duct. A crushing clamp is placed across the duodenum 
just distal to the pancreatic duct and the duodenum is transected at this point. 
This segment of duodenum is approximately 1.5 em. in length and represents 
approximately 8 per cent of the duodenum in the average-sized dog. There 
are 2 panereatie ducts in the dog. The accessory pancreatic duct enters the 
duodenum with the bile duct at the ampulla. The main pancreatic duet may 
be saerificed if the accessory duct is thought large enough to accomodate the 
pancreatic secretion. This will permit virtually all of the duodenum to be 
used as the fistula. 

The junction of the duodenum and jejunum is then located at the ligament 
ot Treitz. The bowel is transected at this point and the jejunum reanastomosed 
to the remaining small segment of duodenum in normal continuity. The distal 
end of the duodenal segment is closed. The proximal end is then anastomosed 
to the previously formed duodenal fistula. 

The advantages of this technique are: (1) A choledochojejunostomy and 
pancreaticojejunostomy with their inherent morbidity rates are avoided. (2) 
The fistula opens on the side where the external secretions are more easily 
collected. Also, capsules and so forth are more easily inserted and tend to 
remain in place. (3) Very little traction is placed on the duodenum to raise 
it to the skin edge. This assures a good blood supply. (4) The fistula will 
not prolapse. 


The author is grateful to Dr. Erie Nonson, Department of Surgery, University of 


Saskatchewan, for his suggestions. 
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THE USE OF RENACIDIN IN PREVENTING CALCIFICATION 
OF INDWELLING CATHETERS 
WILLIAM P. MULVANEY, M.D., Jose G. IBANEz, M.D., AND 
H. Wiuuis RATLEDGE, M.D., CINCINNATI, OHIO 


(From the Department of Urology, Good Samaritan Hospital and Department of Surg 
Division of Urology, University of Cincinnati, School of Medicine) 


HE problem of preventing the plugging of catheters in the urinary tract 

by the formation of calcium deposits is one that continually confronts 
the urologist and the surgeon. Calcification results from a variety of causes, 
of which infection with urea-splitting organisms, stasis of urine, hyperealciuria 
in the bedridden, limited fluid intake, and foreign body reaction by catheters 
are a few. Bacteria are present in the bladder in more than 50 per cent of 
patients with indwelling catheters and since the organisms are often ‘‘urea 
splitters,’’ calcification is a common problem. The changing of the catheter 
results in discomfort or pain to the patient and time-consuming effort to the 
physician. Hitherto no satisfaction method was available to prevent calcifica- 
tion from developing in catheters which must be worn over a prolonged period 
of time and, needless to say, a product that could be used by the patient with 
minimum instructions from his physician and without nursing help remained 
highly desirable. 

With the introduction of Renacidin last year,* a product became available 
that afforded promise of being able to prevent these troublesome calcium 
deposits with comparatively few problems in use. The high solvent power of 
Renacidin for ealeium compounds, combined with its nonirritating effect upon 
the mucosa of the urinary tract in recommended concentrations, made it 
possible for the patient to irrigate his own indwelling catheter as frequently 
as 5 times daily for many weeks without adverse reaction. 

Renacidin is a very soluble powder which appears to be composed of 
lactones, anhydrides, and acid salts of edible, multivalent organic acids se- 
lected from the group of gluconic, citric, and malic.* In a 10 per cent solution, 
the pHI is approximately 4. The powder is added to distilled water, or even 
tap water (except where the water is very hard). It is quite reactive upon 
addition to the water and should be added slowly to the water with stirring 
Although Renacidin is a sterile powder, the solution is boiled or preferably 
autoclaved prior to use. Subjecting the solution to boiling or autoclaving tor 
short periods does not appear to have any adverse effect upon its properties. 

The solvent action of Renacidin does not appear to depend upon the action 
of the acids from which it is derived sinee the solution exhibits only slight 
acidity. Tests indicate that the activity of Renacidin appears to be due to its 
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extremely pronounced sequestering properties. As evidence of this, Renacidin 
solutions were compared with Solution G* (according to Suby’s formula) and 
citric acid as well as gluconic and malie acids in equivalent concentrations. 
Twenty cubic centimeters of 5 per cent ammonium oxalate was added to 300 
c.c. of each of these solutions and these were then titrated with 1 per cent 
ealeium chloride to an end point indicated by a slight permanent turbidity. 
The results? are shown in Table I. 


TABLE [| 








CUBIC CENTIMETERS OF 1 PER CENT 
CaCL, SOLUTION 
TEST SOLUTION (1 c.c. = 0.90 Ma. OF CA) 
Solution G 82 — 84 
Renacidin 10% 408 — 415 
Citrie acid 10% 74 
Malie acid 10% 65 
Glueonie acid 10% 96 








To evaluate the effectiveness of Renacidin for the purpose of preventing 
formation of calcific deposits in inlying catheters, a study was begun in 1957 
on over 100 patients with indwelling catheters over a period of some months. 
In most of these cases, Renacidin was used in a concentration of 10 per cent by 
weight and employed at the rate of 1 ounce 3 times daily. The solution was 
instilled through the catheter and then the catheter was clamped off for 10 
minutes. 

METHOD 

Ureteral catheters and suprapubic, ureterostomy, pyelostomy, and nephros- 
tomy tubes were treated. In one group, patients were selected on the basis 
of their having persistent and recurrent encrustations. In another group, 
patients were treated with Renacidin from the beginning of catheter drainage 
to test the solution as a prophylaxis against encrustation and infection. In 
the first group, irrigations had been made previously with Solution G, boric 
acid, potassium permanganate, and saline (Fig. 1). We found, as did Prather,° 
Solution G to be somewhat irritating as manifested by bloody mueus in the 
irrigating return. The other solutions were relatively ineffective. In both 
groups, however, Renacidin was very effective and there were no contraindi- 
cating side effects. One patient complained of a burning sensation in the 
bladder after irrigation but the pain was transient and tolerable. 

By an inerease in the frequency of irrigation, even the most persistent 
calcification could be controlled or improved. In some eases where ealeuli 
had already formed it was possible to dissolve them in addition to preventing 
new ealeuli (ig. 2). 

The solution also has some antimicrobial action and has demonstrated 
inhibition against a strain of Proteus vulgaris. 

Small patehy areas of calcification on catheters were caused by incomplete 
access of Renacidin to all of the catheter because of contact with the mucosa. 
Mechanical agitation and vigorous irrigation help prevent this problem. 
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As would be expected, paraplegic, postpoliomyelitie and postoperatiy 
neurosurgical, and posttraumatic patients make up almost half of the grou 
treated. The incidence of calcification in the bladders of these patients j 





AE TM 








Fig. 1.—Left catheter irrigated with Renacidin. Right catheter from same patient irrigated 
with saline. 
A. B. 
Fig. 2.—A, Bladder calculus following radical prostatoseminal vesiculectomy. B, Afte! 


irrigation with 5,000 ¢.c. 10 per cent Renacidin in 3 day period. Several small particles wert 


found on cystoscopy and removed by lavage. 

high with 13 to 32 per cent being reported. Analysis shows that most of these 
tn] BS « 

-alcifications are calcium phosphate and carbonate, triple magnesium phos- 

phate combinations called apatite. These salts show the most solubility in 
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Renacidin. The results in these patients have been most gratifying and have 
contributed to their comfort as well as to recovery. 


SUMMARY 


oped and used as an irrigant for the indwelling catheter. Its use in 100 cases 
is described. It is considered superior to previously used solutions. The 
results have been excellent and uncomplicated by undesirable side effects. 


A nonirritating organic solvent for urinary calcifications has been devel- 
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SUCTION CONE: A NEW APPARATUS FOR THE CARE OF 
ILEOSTOMIES, FISTULAS, AND DRAINING SINUSES 


Mario E. JAscALeEvicH, M.D., New York, N. Y. 


(From the Surgical Department of New York Polyclinic Medical School and Hospital) 


Ii apparatus to be described here is particularly applicable to high intes- 

tinal fistulas and ileostomies. It provides for the complete collection of al! 
the intestinal contents, thus totally protecting the adjacent skin surface. Its 
use has been found to be highly effective when the fistulas and ileostomies have 
been neglected and when they already present severe digestion and maceration 
of the skin and soft tissues, making difficult or impossible the application of 
any strapped or adherent collecting system. The apparatus can also be used 
in urinary fistulas and can be coupled with a similar one for use as injecting 
and collecting stations for a continuous irrigation flow of antibiotic solutions 
passed through an infeeted wound or sinus. 

This apparatus has the advantages that it eliminates the use of dressings 
and shielding ointments for the skin and it holds itself in place without need of 
adhesives or strapping (Fig. 1). Cleanliness and management are simple. It 
permits open treatment of adjacent involved tissues, which promotes rapid 
healing and re-epithelization. It minimizes the nursing problem, shortens the 
preoperative preparation time for definite surgery, and may eliminate the 
necessity for this or for staged operative procedures. 

Finally, it is leak proof, and provides for an accurate caleulation of total 
fluid loss via the fistula. 

DESCRIPTION OF THE APPARATUS AND MODE OF USE 

The apparatus (Fig. 2) consists of a funnel-shaped cone (.1), placed by its 
base over the fistulous orifice (B), covering it entirely. Two rubber tubes are 
passed through the vertex of the funnel (£). One, a No. 16 Freneh catheter, 
enters a short distanee into the neck of the funnel (CC), the second (PD) is a 
rectal tube of variable diameter according to the particular caliber of the fistula. 
The tip of this tube (D) has multiple perforations (#7) and is inserted into 
the exteriorized bowel or the fistulous tract. 

One tube (C) is attached to a continuous suction pump with a power- 
regulating mechanism which controls the degree of negative pressure within 
the suction cone. <A second tube (D) is attached to an intermittent suction 
pump. 
It is essential that the passage of both tubes through the neck of the funnel 
piece (EF) be made air-tight and this is accomplished by applying aluminum 
paste or any other commercial sealing product over which a layer of adhesive 
tape is wound. 

Received for publication Feb, 16, 1960. 

988 





lume 48 SUCTION CONE APPARATUS 


Number 3 


L. 





























Fig. 2.—Cross section of suction cone in position. A, Transparent plastic body of cone, 
B. fistulous orifice or stroma, C, continuous suction tube, No. 16 French catheter, D, intermit- 
tent suction tube of variable diameter adaptable to particular needs, EH, neck of cone rendered 
air-tight by cementing, Ff, rubber shield for rim of cone, G, air vents, H, multiple perforations 
at the tip of the intermittent suction tube. 


o-: er fs ee ee ee 


5 
> 











590 JASCALEVICH S 


Septen 


The cone should have a rubberized edge (Ff) and it must slant outwards 


4 


a shape similar to that of the mouth of a trumpet to prevent skin damage at 


the site of its application. The body of the suction cone (A) should be made of 
transparent plastic material to permit constant visualization of the covered 


parts. 

Two or more pin-point perforations (@) are placed in the cone as a safety 
valve and also for ventilation, making our suction cone an open system. The 
optimum and desired negative pressure is one that will prevent leakage and 
fix the cone to the surface of the skin with minimum tenting of it and without 
producing any discomfort to the patient. It is for this reason that lately a new 
model of the suction cone has been used with a single air vent diaphragmed 
with a dial mechanism which is handled by the patient, who adjusts the degree 
of vacuum under the funnel to his own comfort. In instances where more than 
one fistulous stoma is present, part of the intestinal contents may eseape and 





Two - Way THREE- WAy 
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Fig. 3.—Two- and three-way system. 


accumulate inside the cone. In such a situation a second draining tube can be 
passed directly through the body of the funnel near its rim, at skin level (Fig. 
3). This additional tube is then connected by means of a “Y” piece to the 
main tube and in this way the accumulation is prevented. Fig. 3 demonstrates 
the apparatus for both the single and multiple fistulous tracts. 

The functioning apparatus does not require constant attention but the parts 
should be irrigated and washed every 12 hours. 

In order to prevent a drop of power due to overheating, the continuous 
suction pump should be alternated with a similar one every 24 hours. 


SUMMARY 

An apparatus ealled ‘‘suetion cone’’ is presented for the care of ileostomies, 
high intestinal and urinary fistulas, and draining sinuses. The use of this 
apparatus is particularly indicated when such conditions are severely neglected 
and when the maceration and erosion of the skin around the stoma contra 
indicates or makes difficult the application of any strapped or adherent collect 


ing system. 
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The use of the suction cone as a leak-proof injecting and receiving couple 
in continuous irrigation procedures of infected wounds or sinuses is noted. A 
deseription of the apparatus is given. Its air vents are deseribed and their im- 
portance in controlling the vacuum inside the cone is discussed. 

Frequent irrigation of both suction lines and replacement of the continuous 
suction pump every 24 hours are recommended. The latter prevents over- 
heating and damage to the pump and loss of efficiency of the apparatus. 

Onee the skin around the stoma heals, the suction cone may be replaced 
by a cemented bag or capsule which will allow the patient to ambulate. The 
suction cone permits only limited mobilization of the patient in bed. 
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FUNCTIONING PANCREATIC ADENOMAS IN INFANTS AND 
CHILDREN 
Scott J. Botey, M.D., JANE Lin, M.D., AND ALBERT SCHIFFMANN, M.D., 
BROOKLYN, N. Y. 
(From the Pediatrie Surgical Division and the Department of Pediatrics, the Jewish Hospital 
of Brooklyn) 


AY JTHOUGH hypoglyeemia of infaney and childhood is being recognized 
with increasing frequency, the cause of the low blood sugar is as often 
as not undetermined. Approximately 40 per cent of the cases are secondary 
to hepatie, pituitary, cerebral, adrenal, thyroid, and functional problems and 
can be diagnosed by specific laboratory methods.'® In the remaining cases 
(the majority) the diagnosis must be made between (1) MeQuarries’ ‘‘ idiopathic 
spontaneous hypoglycemia of infaney,’’ and (2) functioning islet cell adenomas 
of the panereas. Since the therapy of the former is primarily medical, and since 
those cases caused by pancreatic adenomas will respond promptly and in most 
‘ases permanently to extirpation of the tumor, early diagnosis is essential in 
order to prevent irreversible damage. Unfortunately, no practical laboratory 
methed for differentiating the adenomas from idopathie hypoglycemia of infancy 
is available at this time. Whipple’s triad,** which is considered diagnostic of 
organie hyperinsulinism in adults, offers no help in the differentiation of these 
2 conditions in the pediatric age group. 

In order to determine whether any clinical or laboratory findings con- 
eerning islet eell adenomas in infaney and childhood might help in solving 
the dilemma, we have reviewed the literature and added a case of our own. 
The therapeutie decisions involved in the latter prompted this study. 


MATERIAL 


A detailed review has been made of all reported cases of emer in which 
4, 7, 8, 10-15, 20- 


symptoms of hypoglycemia began before the age of 15 years.’ 
25, 27, 28, 30 Some discrepancies in previous reports have been noted. 
reported by Harnapp in 1936" was reported by Sauerbruch?? + years later. 
The patient reported by Boone in 1934! as having hypoglycemia proved to have 
a normal pancreas at operation. Twelve years later, in 1936, Marble and 


MeKittrick’® reported the follow-up of the same patient who, at a second 


The ease 
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operation, was found to have a pancreatic adenoma. Sherman’s** case reported 
from our hospital was correctly discarded by Van Beek.*7 This case has been 
restudied and there is no doubt that it represents hyperplasia of the islets of 
Langerhans and not adenoma. 

Rejection of the above cases left 17 for study ineluding our own. In 14 
of these the diagnosis was definitely established. A gross tumor had been 
found in 12 at operation and in 2 at autopsy. The diagnosis in 3 eases was 
made only after microscopic examination of the panereas, in 2 following 
partial pancreatectomy, and in | at autopsy. Of these the case of Davies was 
included in Van Beek’s series and was accepted by her as a bona fide adenoma. 
The case was made known to her through a perscnal communication and henee 
could not be reviewed by us. The 2 remaining microsccpically diagnosed eases 
are presented here in some detail for we feel that there is reasonable doubt that 
either one should be included as a definite case of functioning islet cell adenoma. 


CASE REPORTS 


CASE 1.20—A 6-month-old white girl was admitted with history of anorexia since birth, 
failure to gain weight, constipation, and persistent cough. The liver was found to be en- 
larged down to the umbilicus. During the hospital stay the child showed signs of pneumonia 
from which she recovered. The blood sugar was found to be 29 mg. per cent on 2 occasions 
and the levulose tolerance test showed persistent hypoglycemia. 

At 9 months of age the infant was readmitted. She had had a convulsive seizure when 
a blood sugar sample was being taken in the clinic from a cubital, not the jugular, vein. The 
convulsion lasted several hours and ended in coma. Blood sugar at that time was 18 mg. 
per cent. Although intravenous dextrose produced some improvement, the temperature 
climbed to 106.2° F. the following day and the child became cyanotic, dyspneic, and died. 

At autopsy the body was thin, poorly developed, and undernourished. The liver was 
enlarged and showed fatty infiltration. There was generalized lymphoid and _ reticuloendo- 
thelial hyperplasia. The pancreas was grossly normal and no nodules could be seen or 
palpated. 

Microscopic examination revealed ‘‘a small adenoma of islet tissue, separated from the 
adjoining pancreatic parenchyma by a thin capsule of connective tissue. The cells of the 
tumor were of uniform size and were arranged in large clusters, which were separated from 
one another by thin, irregularly formed strands of connective tissue.’’ 

Comment: Because this case was reported from our hospital the records and available 
slides were reviewed. The original autopsy report does not mention the microscopic adenoma 
later noted, but does describe the marked liver changes which were also seen later. Sections 
of the liver reveal severe fatty changes of such a degree that liver parenchyma is hardly 
recognizable. Although the microscopic description of the adenoma is quite convincing, the 
pathologic findings in the liver suggest that this could have been the cause of the hypo- 
glycemia. In reviewing the case in the light of our present knowledge we are certainly as 
much impressed by the pathology of the liver as by the ‘*‘adenoma’’ previously deseribed in 


the pancreas. (The slides demonstrating the adenoma were not available for review.) 


CASE 2.7—A 10-month-old white male was admitted with a history of convulsions be- 
ginning when he was 4 months of age. Attacks occurred daily and increased in severity. 
Low blood sugar was noted both on fasting and during the day. When he was given a 
high-protein, low-carbohydrate diet there was temporary improvement but severe attacks 
soon returned. 

On admission the child was physically and mentally retarded and could not sit or hold 
his head up. All studies were normal except for the blood sugar and oral glucose tolerance 
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test. A blood insulin assay by the rat diaphragm method was interpreted as high. Fasting 
blood sugar went as low as 29 mg. per cent. 

ACTH in doses of 40 and 20 mg. daily resulted in a return of the blood sugar to norma 
limits. Reduction of the daily dose to 15 mg. was accompanied by a recurrence of hypx 
glycemic symptoms. Clinical response was good but signs of overdosage necessitated dis 
continuance of the medication and operation was decided upon. 

At laparotomy no tumor was found and two-thirds of the pancreas was _ resect 
Postoperatively the blood sugar was abnormally high and acidosis developed. Insulin was 
required for 28 days. There had been no convulsions since operation, but at 18 months of 
age the child was still somewhat retarded. 

Microscopic examination of the resected pancreas was interpreted as showing man: 


beta cell adenomas with hyperplasia of alpha cells in other islets. These ‘‘adenomas’’ we1 


described as larger than normal islets and consisting entirely of beta cells. The authors stat 
that other pathologists might have called the adenomas islets or hyperplasia of islets. 

Comment: In this case the clinical findings are certainly compatible with those in 
cases of either adenoma or idiopathic hypoglycemia. The uncertainty arises in the inter 
pretation of the microscopic sections. The authors indicate that other pathologists might 
disagree. Certainly these multiple nonencapsulated ‘‘adenomas,’’ if they are such, represent 
a different condition from that present in the other cases under discussion. 

The patient operated upon at our hospital completes the group available for study. 


The report will be presented in detail. 
INCIDENCE 


There were 10 males and 7 females in the group. Only 3 of the reports 
mentioned the race of the patient. No familial history was reported. 

The most significant finding is seen in Table I. Only 2 eases are re- 
ported in patients under the age of 4+ years and these are the 2 previously 
discussed as probably not representing true islet cell adenomas. In neither of 
these cases was a gross tumor found. Since MeQuarrie’s cases of idiopathic 
hypoglycemia almost all occur in patients under the age of + vears, the age at 
onset of symptoms represents the most important diagnostic criterion o| 


pancreatic adenoma. 


TABLE I. AGE AT ONSET OF SYMPTOMS 








AGE (YEARS) 
Under 1 
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CLINICAL FINDINGS 


In Table II the symptoms and their incidence are listed. All of these 


represent the effects of hypoglycemia on the nervous system, whether central 


or autonomic. The presence of convulsions in all of these children explains why 


8 of them had diagnoses of epilepsy and were treated for it during the course 
of their illness. Behavior changes in over one-third of the patients demon- 
strate the need for exeluding hypoglycemia in problem children. The othe! 
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nervous manifestations are equally nonspecific and of little aid in diagnosis. 
Many of the symptoms occurred together as ‘‘attacks,’’ and in 14 children 
these were, or could be, brought on by fasting or exercise. 


TABLE II. SYMPTOMS OF HYPOGLYCEMIA 








SYMPTOMS | NO. OF CASES 





Convulsions 17 
Unconsciousness 14 
Drowsiness j 
Behavior changes 
Urinary incontinence 
Weakness 

Sweating 

Speech changes 
Mental deterioration 
Ataxia 
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In Table III the duration of symptoms prior to operation or death is 
listed. In most of the patients this interval depended on the severity of 
symptoms, but diagnosis was delayed in the overwhelming majority of cases. 
Attempts at dietary or medical therapy also played a part in the delay. 


TABLE III. DURATION OF SYMPTOMS 








DURATION | NO. OF CASES 





6 months 
1 year 
1% years 
2 years 
21% years 
3 years 
5 years 
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Physical findings varied from none to those seen in posteonvulsive coma. 
This depended on the time of examination in relation to the hypoglycemic 
attacks. One-third of the children were overweight, possibly because of at- 
tempts on the part of the physicians to control attacks by frequent carbo- 
hydrate feedings, or because of a spontaneous increase in appetite, especially 
for sweets, as seen in our patient. Persistent neurological signs were present 
in + patients. One had bilateral pyramidal signs, nystagmus, a_ positive 
Romberg sign, and central paresis of the left facial nerve. In another patient 
the hypotonia present before operation was reported as decreased postopera- 
tively, but she remained mentally rather silly and immature for her age. 
Another child had transitory paraplegia. 

In Whipple’s triad, (1) the attacks must come on during periods of 
fasting or after extreme exertion, (2) the blood sugar value during an attack 
or after 12 hours of fasting must be below 50 mg. per cent, and (3) the 
symptoms must be relieved promptly by the oral or intravenous administration 
of sugar. This triad was definitely demonstrated in 13 of the 17 children. In 
the other 4+ it was incomplete since no effort was made to elicit it. In every 
case where an attempt was made to produce the triad, it was present. Similarly, 
in most eases of idiopathic hypoglycemia of infancy the triad can be demon- 
strated. 





PEDIATRIC SURGERY 


LABORATORY FINDINGS 

In Table IV are listed the lowest blood sugar values recorded in the: 
eases. The lowest blood sugar reported was 11 mg. per cent in Frank’s easy 

MeQuarrie reported similar values in idiopathie hypoglycemia and thus blood 


sugar levels are not of definite value in the differential diagnosis. 


TABLE IV. Lowest FASTING BLoop SuGAR REPORTED 








BLOOD SUGAR LEVEL 

(MG. %) 

Below 20 
21-30 
31-40 
41-50 











Persistently low blood sugars may not be present in children with islet 
cell adenomas as demonstrated in Drukker’s* ease, in which only 4 of the 15 
fasting blood sugar tests made preoperatively were below 50 mg. per cent. 
Low values during hypoglycemic attacks were relatively constant and were 
more significant than fasting values. 

Spinal fluid sugars were recorded in 5 instances and were significantly 
low in + of them. Since spinal taps are performed so frequently in the study 
of convulsive disorders, sugar values should always be determined for they may 
lead to the correct diagnosis. 

Dunean® has described the characteristic glucose tolerance curve in pa- 
tients with islet cell adenomas as having an ‘‘initial but relatively slight rise 
in the blood sugar and relatively flat subnormal values in the fourth, fifth, and 
sixth hours—the outstanding characteristic of this test in this disorder.’’ He 
emphasized the need for adequate preparation with 450 to 500 Gm. of carbo- 
hydrate daily for 3 to 5 days prior to performing the stu ly. 

Ten of the 17 children were tested for glucose tolerance. Unfortunately 
most reports do not mention whether or not preparation was adequate. How- 
ever, 7 of the curves fall into the pattern deseribed, and the other 3, although 
not normal, were not typical of organie hyperinsulinism. The glucose tolerance 
eurves of children with idiopathic hypoglycemia follow the same pattern.’ 

There is disagreement in the literature as to the effect of an islet cell 
adenoma on the sensitivity to insulin. Most recently Monaco, Anderson, and 
Kaulbach,'* utilizing a 6 minute insulin sensitivity test and Glucagon-tfree 
insulin, demonstrated reduced sensitivity to exogenous insulin in 2 patients 
with insulinoma. Hypoglycemic unresponsiveness is generally accepted as being 
typical of hyperinsulinism. The insulin tolerance test (which measures both 
insulin sensitivity and hypoglycemic unresponsiveness) was made for 5 children. 
Four of these showed increased resistance to insulin and 1 inereased sensitivity. 
In all of these there was hypoglycemic unresponsiveness often manifested by 
continuing falls in blood sugar values at 60 to 90 minutes. Two of the 9 
children had attacks during the test. Of special note is the persistence of 


hypoglyeemie unresponsiveness postoperatively in Marble and MeKittrick’s' 


ease. Prolonged hyperinsulinism may alter homeostatic mechanisms enough to 
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require months for return to normal. Atrophy or exhaustion of the adrenal 
medulla would produce the persistent hypoglycemic unresponsiveness. The 
insulin tolerance test in the case of idiopathie hypoglycemia reported by Perry 
and associates'? demonstrated normal sensitivity to insulin with hypoglycemic 
unresponsiveness. 

Electroencephalograms were performed in 6 patients. One had a normal 
pattern and the other 5 showed various abnormalities. Three of the latter 
revealed dysrhythmias consistent with the diagnosis of epilepsy. This fact is 
emphasized because many cases of hypoglycemia are diagnosed as primary 
epilepsy. On the basis of this study eleectroencephalography appears to be of 
little value in the diagnosis of hypoglycemia. 

In 1956 Cochrane and associates* deseribed the hypoglycemic response of 
some children with idiopathic hypoglycemia to /-leucine and casein. Ulstrom 
and Sanfilippo*® corroborated these findings. In our patient casein given pre- 
operatively resulted in a fall of the blood sugar from 47 to 32 mg. per cent. 
Postoperatively a fall from 93 to 82 mg. per cent was noted following the same 
dose of casein. This hypoglycemic response in a child with an insulinoma 
supports the theory of Cochrane and his associates that leucine either enhances 
the effect of circulating insulin ou intracellular carbohydrate metabolism or 
stimulates increased secretion of insulin by the islets. 


MEDICAL THERAPY 


Nonoperative therapy has not been advised if a diagnosis of islet cell 


adenoma is entertained. The application of medical trials has been based upon 
the inability to differentiate spontaneous idiopathic hypoglycemia from a 
functioning insulinoma. The therapy used in the patients in this series (ACTH 
therapy) has been reeommended by MeQuarrie'™ for children with idiopathic 
hypoglycemia. 

Dietary management was attempted in 9 of these children. Five had high 
carbohydrate diets, 2 had high protein, 1 had high earbohydrate and high 
protein, and in one ease the type of diet was not mentioned. In half of these 
children there was improvement, but only temporarily. The subsequent need 
for operation in all of these cases is sufficient evidence that diet was inadequate 
for the control of symptoms. 

ACTH has been shown by McQuarrie to control almost all cases of idiopathic 
hypoglycemia of infancy. The action of this hormone is nonspecifie in the 
sense that its effectiveness is based upon an increase in the blood sugar counter- 
acting all forms of hypoglycemia. It was hoped that the interval between 
cessation of ACTH therapy and the return of symptems could be used as a 
criterion for diagnosis. In children with idiopathic hypoglycemia this interval 
was usually 1 or more weeks in length. Unfortunately trials with patients with 
islet cell adenoma have resulted in periods of 2 days to + weeks before symptoms 
recurred.” ?! 

Four of the children with adenoma received steroid therapy, 3 had ACTH, 
and 1 had cortisone. One child on 50 mg. of ACTH a day and a high earbo- 
hydrate diet had marked improvement with disappearance of all neurological 
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signs. Symptoms recurred 4 weeks after steroids were discontinued. Anotly 
child had a good clinical response to daily dosages of 20 to 40 mg. of ACT) 
with return of fasting blood sugar levels to normal. A _ relapse oceurr 
when the dosage was reduced to 15 mg. per day. Our patient showed a goo 
clinical response to 80 mg. and 20 mg. of ACTH daily but the fasting blood 
sugar ranged from 26 to 58 mg. per cent. The clinical improvement remained 
the same for 1 week after cessation of hormone administration and up to tli 
time operation was performed. Another child had good elinical and _ blood 
sugar responses on 200 mg., then 20 mg., of cortisone daily, but symptoms and 
hypoglycemia returned 48 hours after the steroid was discontinued. 
OPERATIVE THERAPY AND FINDINGS 

Twelve of the 17 children had simple excision of an adenoma. One had 
resection of the body and tail of the pancreas, and one had a resection of all 
but part of the head of the pancreas (3 tumors were found only at autopsy 
Solitary tumors were present in all 12 cases in which a gross tumor was found. 
The blind resections revealed a solitary microscopic adenoma in Davies’ case 
and the multiple ‘‘adenomas’’ in Engelhardt’s case as previously discussed. 


- 
Ld 











Fig. 1.—Location of adenomas. The location of all gross and microscopic tumors is 
shown except for Engelhardt’s case, and 3 cases in which the location of the adenoma was not 
stated. In 1 child 2 tumors were found and in another 3 were found. 


Fig. 1 shows the loeation of the adenomas found both at operation and 
autopsy. None of the autopsy patients had been operated upon. 

Multiple adenomas were present grossly in 2 of the autopsy patients. One 
child had 2 and 1 child had 3 tumors. 

In Table V are listed the sizes of the adenomas found at operation and 


autopsy. Unfortunately, many of the authors stated the size of the tumor in 


TABLE V. SIZE OF ADENOMA 











NO. FOUND IN AUTOPSY 





SIZE (CM. ) | NO. FOUND AT OPERATION 

Microscopic 2% 
Below 1.0 0 
-< 12 ] 
2.5 rs 
3-4 0 1 








*Engelhardt and associates reported multiple adenomas without stating the number. Th¢ 
other cases were all single ones. 
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deseriptive terms rather than in actual measurements. The dimensions listed 
are therefore only rough estimates based on the average size of the fruits or 


nuts used in the descriptions. 
RESULTS 

There were no operative deaths. No instance of postoperative hyper- 
thermia was noted. Temporary hyperglycemia was reported in 4 eases, but 
only 1 child, Engelhardt’s,’ in whom two-thirds of the pancreas was resected, 
required insulin for as long as 28 days. Blood sugar usually returned to the 
normal level within 48 hours after operation without insulin therapy. Follow- 
up of these children ranged from a few months to as long as 7 years. Nine 
of the 14 children operated upon are completely well. Four children have 
permanent neurological damage, but have been free of any attacks. Galli and 
Carlo’s'® patient developed convulsive seizures starting 40 days postoperatively. 
There was progressive personality change with irritability, loss of self control, 
and decreased interest and memory. The fasting blood sugar never went below 
63 mg. per cent. Complete studies failed to show any hypoglycemia component 
and electroencephalograms showed ‘‘epileptie configuration.’’ Galli and Carlo 
believe that this is a result of permanent damage although metastatic disease was 
considered. In our patient the fasting blood sugar and glucose tolerance tests 
performed within 1 month postoperatively were normal. The child, however, 
continued to have slurring of speech and presented a behavior problem with 


marked aggressiveness. 


CASE REPORT 

A. K., a 44-year-old white male, was admitted to the Jewish Hospital of Brooklyn on 
Jan. 18, 1958, with the chief complaint of coma and convulsions. He had been in good 
health until 6 months before admission at which time his mother noticed that it was un- 
usually difficult to arouse him in the morning. Four months prior to admission his gait 
became unsteady and he began to fall frequently. At about the same time it was noticed that 
upon awakening in the mornings he would appear somewhat irrational, scream, and some- 
times twitch. Shortly thereafter, generalized convulsions also occurred. The seizures usually 
lasted about 20 to 30 minutes, and were followed by a deep sleep. At first these episodes 
occurred only early in the morning. Later they became more frequent and occurred also at 
about 11 A.M., 3 P.M., and in the middle of the night. On one occasion, a period of irrational 
behavior accompanied by disturbed consciousness lasted 36 hours. His speech became slurred 
and indistinct. He developed an increase in appetite, especially for sweets, and gained weight 
rapidly. One electroencephalogram 4+ months before admission was reported as normal. 
However, no further investigation was made and the child was treated as having epilepsy. 
He did not improve on anticonvulsant medication. Instead, the attacks increased in fre- 
quency. Eight hours before admission, he began to have repeated, generalized convulsive 
seizures which oceurred at 15 minute intervals. He was admitted in a semicomatose state. 

The past history of the patient was not significant. One brother had been investigated 
for recurrent abdominal pain diagnosed as abdominal epilepsy. This sibling’s fasting blood 
sugar levels had been normal. 

Physical examination of the patient on admission revealed a_ well-developed, well- 
nourished, somewhat obese, white male child in a semicomatose state responding only to 
painful stimuli. His weight was 22.65 kilograms. Convulsions occurred during the examina- 
tion and were characterized by twitching of the fingers and facial muscles, followed by gen- 
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eralized tonic and clonic movements of the extremities. His temperature was 102 
Except for hyperactive deep tendon reflexes and a positive Babinski sign bilaterally, the 1 
of the examination was negative. 

After blood was drawn for chemical determinations, the child was given 25 Gm. 
glucose intravenously shortly after which he emerged from the semicomatose state and 
up. A repeat examination showed the child to be mentally alert with no abnormal physical | 
findings except slurring of the speech. 

The initial blood sugar was 19 mg. per cent. This, together with the clinical history 
and the remarkable response to intravenous glucose solution, established the diagnosis of a 
hypoglycemic state. His subsequent blood sugar values varied from hyperglycemic levels to 
as low as 14 mg. per cent. Having established that this was a case of hypoglycemia, studies 
were carried out to determine the etiology. These included routine blood count, urinalysis, 


liver chemistry determinations, protein-bound iodine, glucose tolerance test (Fig. 2), Adrenalin 


tolerance test, urinary 17-ketosteroids and 17-hydroxysteroids before and after ACTH, x-rays 
of the skull, chest, and abdomen, and electroencephalogram. The results of these tests were 
all normal except for repeated low fasting blood sugar levels, an abnormal glucose tolerance 
eurve, and an abnormal electroencephalogram. A casein loading test (Fig. 3) using 1.5 Gm. 


of casein per kilogram of body weight was also made. 


BLOOD SUGAR 





MGS % 
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Fig. 2.—Pre- and postoperative glucose tolerance tests in authors’ case. The preoperative 
curve is typical of insulinoma with a low fasting level and the flat subnormal values in the 
third, fourth, and fifth hours. A normal curve is seen postoperatively. 


The first electroencephalogram taken 3 days after admission was reported as ‘ ‘severely 
abnormal because of slowing as to resemble a sleep record while the child was awake and 
erying.’’ A second record taken while the child was fasting about 2 weeks later, though not 
as abnormal as the first, nevertheless showed much 3 per second high voltage activity which 
often occurred in brief runs and bursts. There was no significant change in the record afte! 
glucose was administered, first orally, and then by the intravenous route. 

After exclusion of the pituitary, thyroid, liver, adrenals, intrathoracic and intra-al) 
dominal tumors, and functional problems as the cause of the hypoglycemia, there remained 
the need to differentiate between the so-called idiopathic spontaneous hypoglycemia and 
functioning islet cell adenoma of the pancreas. It was therefore decided to give the child 


trial course of ACTH before operating. With the administration of 20 mg. of ACTIL ever 
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6 hours for 5 days, and after 10 mg. of the gel form every 12 hours for another 5 days, the 
blood sugar levels ranged between 26 mg. per cent and 58 mg. per cent and the boy was 
clinically symptom-free. 

While in the hospital, the child was kept on frequent feedings in an attempt to prevent 
hypoglycemic attacks. He did not have any recurrence of convulsive seizures, but had ocea- 
sional periods of agitation and unusually deep sleep. It is interesting to note that there was 
no consistent correlation between these episodes and the blood sugar levels. On one occasion, 
the child remained alert while his blood sugar was 14 mg. per cent. 

Following the therapeutic plan suggested in this paper, exploratory operation was 
performed. Because the child was 4%4 years of age, it was felt that an adenoma was more 
likely to be present than not. At operation, when the head of the pancreas was mobilized, 
a nodule approximately 1.5 cm. in diameter was felt and removed in toto from the head of 
the pancreas. No other nodule was palpable. 

Pathology report: ‘‘Gross: Specimen consists of a circular tumor, pinkish-red in 
color, measuring 1.5 by 1.5 by 0.7 em. The surface is smooth and the consistency meaty and 
soft. On the cut section the surface appears uniform, and is smooth and glistening. It is 
homogeneously reddish-pink in color, and there is a small area of dark red tissue at the 
center. 

‘*Microscopic: Preparations of the specimen consist of circumscribed nodules com- 
posed of pancreatic acini wherein the lobular architecture is somewhat disrupted and ar- 
ranged in haphazard fashion. Some of the cells are in glandular formation, others are in 
solid masses, and a few appear in branching cords. The cells have eosinophilic cytoplasm 
and centrally located nuclei. Fibrous stroma is markedly increased and very vascular.’’ 
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Fig. 3.—Pre- and postoperative casein tests in authors’ case. Prompt falls in the blood sugar 
are seen both before and after operation, but at different levels. 


Postoperatively the blood sugar remained at normal levels after intravenous fluids were 
discontinued. The serum amylase rose from 54 U. at 4 hours after operation to 503 U. after 
82 hours and then steadily declined to reach a normal level by the third postoperative day. 


The rest of the postoperative course was not remarkable and the child made an un- 
eventful recovery. The glucose tolerance test repeated about 2 weeks after removal of the 
pancreatic adenoma was normal and is seen in Fig. 2. Several fasting blood sugar tests 
taken before discharge were also within normal limits. The casein loading test repeated 
postoperatively is shown in Fig. 3. An insulin tolerance test which was not made _ pre- 
operatively because of the precarious condition of the child was performed after operation. 


it demonstrated a decreased sensitivity to insulin with a continuous fall up to 90 minutes. 
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At discharge, the child still had slurring of speech but had no other abnormal new 
logical signs, and was mentally alert. His aggressive behavior, however, presented a seri: 
problem. 

The electroencephalogram made 3 months after operation was reported as mildly 
normal because of the amount of slow activities, ragged appearance of the record, and 1 
sponse to hyperventilation which caused a build-up of high voltage 1.5 to 3 per second di 
waves with many high 5 per second waves which were not completely symmetrical and 
more pronounced posteriorly. 

The boy was again hospitalized 34% months after operation for an evaluation bheca 
of repeated episodes of agitation and aggressiveness. On the day of admission a blood suga: 
specimen taken late in the afternoon while he was having such an episode was 48 mg. per 
Non 


Pediat 


cent. A repeat glucose tolerance test made during this admission is seen in Fig. 
of several fasting blood sugar tests were ever below 50 mg. per cent. At a joint 
and Psychiatry Conference, it was concluded that his behavior pattern was the result of a 
combination of family stress, mild organic damage secondary to his original condition, and 
anxiety from prolonged hospitalization and surgery. Because this appeared to be a fune 
tional type of hypoglycemia, the child was discharged on a high-protein diet, but has con 
tinued to present a behavior problem. 
DISCUSSION 


This study was undertaken in the hope that the information gathered would 
aid in the formulation of a therapeutic approach to the problem of hypo- 
glycemia in infaney and childhood. The treatment of hypoglycemia caused by 
adrenal, hepatic, thyroid, pituitary, or functional problems is well standardized 
and the diagnosis of these conditions is relatively easy where the necessary 
laboratory tests are available. The primary problem is the approach to children 
with hypoglycemia when the entities mentioned are absent. Such patients form a 
group comprised of those having functioning islet cell adenomas of the pancreas 
and those with idiopathie spontaneous hypoglycemia of infaney and childhood. 
This review has reaffirmed the view that there is no laboratory or clinical test 
that will differentiate these 2 conditions. However, 2 differences have been 
established, age and familial tendency. The presence of familial history of 
hypoglycemia would suggest idiopathic hypoglyeemia, but its absence would 
be of no importance. Age, on the other hand, appears to be the most valuable 
criterion on which to base the diagnosis and therapy. 

Previous authors have acknowledged the fact that hypoglycemic episodes 
‘an cause permanent damage resulting in mental retardation, deterioration, 
and convulsive seizures. In spite of this, a conservative approach has been in- 
creasingly popular. MeQuarrie™ has stated, ‘‘Beeause of the highly satis- 
factory therapeutic response to very small doses of hormone, and the in- 
frequeney of islet cell tumors in infants, exploratory operation, even in the 
‘ases of unusual duration . . . has not been resorted to recently in our clinic. 
Perhaps we have been overeautious or ultraconservative.’’ Dunean® has 
further justified a nonoperative approach in writing, ‘‘It may be impossible 
to differentiate between this condition (idiopathic hypoglycemia) and that of a 
functioning islet cell tumor, but as malignant tumors of the islets do not occur 
in infaney or childhood, watehful waiting is justified until the true nature of 
the disorder becomes reasonably apparent.’’ 

While conservatism appears justifiable in the treatment otf 
review indieates that it is not in that of older children. A eareful study of all 


infants this 
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case reports has established that to date no gross tumor has been reported in 
children under the age of + years. Idiopathic hypoglycemia, however, usually 
has its onset under the age of 2 vears and rarely after 4. By combining these 
facts with the knowledge of the poor results following partial pancreatectomy 
in the absence of a palpable tumor, the following reasonable therapeutie ap- 
proach is suggested : 

1. In a child under the age of 4+ years operation is reserved as a last 
resort. ACTH therapy should be utilized in sufficient dosage for years, if nee- 
essary, to control symptoms. Only in the event that the child fails to respond 
to this measure, or complications of steroid therapy necessitate the cessation of 
the drug, should exploration be undertaken. Since it is unlikely for a gross tumor 
to be present at this age, 90 per cent resection of the panereas should be an- 
ticipated and performed unless a tumor is found. The question of how long to 
persist in medieal therapy before exploration is indicated is a difficult one to an- 
swer. Osteoporosis, Cushing’s syndrome, growth retardation, and bleeding tend- 
encies are well documented complications of long-term steroid therapy in children. 
They must be weighed against the poor results of blind partial pancreatectomy 
which have been reported in the absence of an insulinoma. We feel that a child 
whose steroid dosage cannot be tapered down to a minimal one after 12 months 
of therapy should probably have an exploratory operation. We suggest this 
arbitrarily and much can be said for continuing medical therapy for a longer 
period. 

2. In a child over the age of 4 years the possibility of an insulinoma being 
present is greater than the possibility of idiopathic hypoglycemia. Surgical 
exploration is therefore recommended. However, in order to determine the 
advisability of blind partial pancreatectomy in the absence of a gross tumor, 
preoperative evaluation of the response to steroids is indicated. In the event 
that a patient of this age has no gross tumor, partial pancreatectomy should 
be performed only if the child has failed to respond to the preoperative trial 
of ACTH therapy. The child with a good preoperative response should have no 
resection and should be treated in a manner similar to that of the younger 
age group. 

It is hoped than an accurate method of assaying cireulating insulin will 
provide a simple diagnostic test for islet cell tumor. The possibility exists, 
however, that the levels in spontaneous idiopathic hypoglycemia will also be 
high. In the absence of a specific test the suggested plan of therapy seems 


logical on the basis of our present knowledge. 
wr 


SUMMARY 
1. The world literature on functioning islet cell adenomas of the pancreas 
in children under the age of 15 years has been reviewed and a new ease added. 
2. The elinieal, laboratory, operative, and autopsy findings in these cases 
have been studied in an attempt to establish criteria to differentiate functioning 
insilinoma from idiopathic spontaneous hypoglycemia of infaney and childhood. 
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3. No elinieal or laboratory test was found that could differentiate thy 


2 conditions. 
4. The age at the onset of symptoms is the most important diagnos 


criterion. No gross tumor was reported in patients under 4 years of age. 

5. No familial tendeney was reported nor was there any sex preponderance 

6. Conservative therapy is recommended for children under 4+ years of age 
with operation reserved for those patients whose disease is not controlled with 
ACTH. Surgical exploration is advised for all children over 4 vears of agi 
after an evaluation of response to ACTH has been made. In this age group 
blind panereatectomy is indicated if no gross tumor is found and the pre 
operative response to ACTH was unsatisfactory. 


We wish to express our appreciation to Drs. Jacob D. Goldstein, Joseph Pincus, and 


Harold Zarowitz for their aid and eriticism during the preparation of this paper. 


ADDENDUM 


Since completion of this study Hartmann, Wohltmann, Holowach, and Caldwell have 


reported an islet cell adenoma removed from a 46-month-old boy who had his first symp 


toms at 19 months of age. The child’s condition was well controlled by ACTH for 4 


weeks, but poorly controlled for 2 years by corticosteroids. Operation was finally 
formed because of recurrent symptoms, retarded mental and physical development, and 
further emphasizes the difficulty in diag 


per- 


a 


well-developed Cushing’s syndrome. This case 


nosis and treatment of hypoglycemia in infaney. 
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THE COLLINS “PERIOD OF RISK” FORMULA FOR MALIGNANT 
TUMORS IN CHILDREN, WITH PARTICULAR REFERENCE TO 
WILMS’ TUMOR AND NEUROBLASTOMA 


WiuuiAM F. Potiock, M.D., NEwuin Hastinas, M.D., aNnp WILLIAM H. 
SNYDER, JR., M.D., Los ANGELES, CALIF. 


(From Los Angeles Children’s Hospital) 


NE of the common and distressing problems confronting surgeons after 

operating upon malignant tumors is that of estimating the prognosis. 
When may a surgeon reasonably conclude that a cure has been achieved? 
In 1955, Vineent Collins* described a ‘‘period of risk’’ caleulation which 
seems to offer a possible method of estimating the length of time after which 
cure of certain tumors may be assumed. His formula has been most con- 
sistently reliable when applied to children who had a Wilms’ tumor of the 
kidney (nephroblastoma, embryonal sarcoma). 

For many years a 2-year survival after definitive therapy of Wilms’ tumor 
was referred to as a ‘‘cure,’’ although it was recognized by everyone that 
recurrences and death often occurred after the 2-year interval had passed. 


The apparent validity of a cure based on a 2-year survival may have an easy 
explanation. The most dramatically successful results in the treatment of 
malignancies in childhood, and especially of the tumors which arise in the 
retroperitoneal area, have been achieved in children treated before the age 
of 2 years. The prognosis for children with retroperitoneal tumors treated 
in the first 2 years of life is remarkably better than it is for those treated after 


that interval. 

Collins based his caleulations on a reasonable postulate that the growth 
rate of a given malignant tumor ean be considered constant for the entire 
life of the tumor. Any metastases or recurrences are assumed to grow at the 
same rate as the parent tumor. His second postulate is obvious for tumors 
arising in childhood, namely, that the total age of a malignant tumor in child- 
hood cannot be greater than the chronological age of the child plus the gesta- 
tion period of 9 months. Assuming that the growth rate of a tumor is constant, 
the period of risk during which any recurrence or metastasis should (or could) 
appear after treatment would then be the sum of the chronological age of the 
child at the time of definitive therapy plus the 9 months’ gestational period. 
Collins was able to assemble information on 340 cases of Wilms’ tumor from a 
rariety of sources and reported them without regard to the method used in 
the definitive therapy.2* In the entire series there were only 2 instances in 
which reeurrence or metastasis occurred after the period of risk had passed. 
This formula has been examined by other authors and has proved to be correct 
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in such an extremely high percentage of cases that it is deserving of wider 
understanding and application among surgeons who treat malignant tumors in 
children.® 

We have recently completed a detailed analysis of the cases of retroper- 
itoneal tumors treated in infants and children at the Los Angeles Children’s 
Hospital. We paid particular attention to the Collins formula as it applied 
to our cases. In our series of 68 cases of retroperitoneal neuroblastoma we 
found no exceptions at all to the Collins rule. The results reported by 
Kiesewetter,® Bodian,’ and Sutow,® likewise show no exceptions to this rule. 

In our series of 95 cases of Wilms’ tumor we found only 1 exception 
to the Collins formula. This exception was a 21-month-old male infant with 
a Wilms’ tumor who was treated with 3,000 r and then underwent a nephrec- 
tomy. His period of risk would therefore be his chronological age of 21 
months plus the 9 months’ gestational period for a total of 30 months. He 
developed recurrent disease 40 months after this therapy, and died of 
metastases in the lungs. All of the remaining patients in our series died 
within the period of risk, or, if they survived beyond the period of risk, have 
had no evidence of recurrence or metastasis on recent follow-up examination. 

Collins developed other concepts in his second article that may be in 
conflict with other reports on the course or natural history of malignancies 
in childhood. He stated that ‘‘there is an impression, well founded in clinical 
experience, that cancer in young individuals tends to be rapidly growing 
and cancer in elderly individuals tends to be slowly growing. This obser- 
vation is sometimes offered with the suggestion that some vital force present 
in youth but absent in advanced age is a stimulating factor to the growth 
of a eancer.’’ 

This concept may be correct, but in his further development of the con- 
cept of a ‘‘doubling’’ progression one gets the impression that he equates 
growth rate with degree of malignancy. The extrapolations regarding the 
‘““age’’ of a tumor that he bases upon tumor size or on the number and rate 
of doublings may or may not be valid for malignant tumors in adults. In 
children, the reported clinical experience indicates an unmistakable tendency 
for some tumors to become more lethal as the child grows older. Wilms’ 
tumor and retroperitoneal neuroblastoma sympatheticum are 2 excellent 
examples. 

The tendency for Wilms’ tumor or neuroblastoma to become more lethal 
in the older child is contrary to our usual understanding of the course of 
malignant tumors and may be in conflict with some of Collins’ ealeulations. 
In eases of Wilms’ tumor in patients treated before the age of 1 year, Lat- 
timer? found a 90 per cent survival rate; in those treated before the age 
of 2 years the 3-year survival rate was 73.3 per cent. However, in the 
children whose tumors were discovered and treated after the age of 2 years, 
the 3-year survival rate dropped to 18.5 per cent. Although Lattimer did 
not find the same tendeney to a favorable prognosis with extreme youth 
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in sympathicoblastomas, Bodian, Sutow, and many others have been strong] 
impressed by the remarkably favorable prognosis in neuroblastoma diagnose«| 
and treated before the end of the first year of life. 

With reference to neuroblastomas, the phenomenon of 
regression’’ and/or ‘‘maturation’’ has attracted considerable attention. 
Parenthetically, spontaneous regression of a Wilms’ tumor has never been 
reported. There are several well-documented examples of spontaneous regres- 
sion of neuroblastomas. One explanation offered is that the tumors grow 
so rapidly that they outgrow their own blood supply and that spontaneous 
bionecrosis occurs with subsequent clinical ‘‘cure.’’ Spontaneous regression 
of a neuroblastoma has, for practical purposes, never been observed in a 
tumor appearing in a child after the age of 1 year. 

Against this clinical experience must be measured the pathologie repre- 
sentations that these tumors may undergo histologic maturation into more 
‘‘mature’’ and consequently less malignant forms. This process of matura- 
tion is probably not the modus operandi in those tumors which have under- 
gone spontaneous regression and disappearance. If the concept of maturation 
is true, the growth rate of a given tumor may not be constant, since the 
tumor itself may undergo an intrinsic change in its composition. It is only 
fair to say that some pathologists are not at all convineed that maturation 
or spontaneous alteration of the cell character of a given tumor is a common 
or reliably demonstrable part of the natural history of the neurogenous 
neoplasms. 

The potent influence of age on tumor growth and prognosis has defied 
explanation in the studies of neuroblastoma. In our series of 68 neuro- 
blastomas arising in the retroperitoneal area, the average age of the entire 
series of neuroblastoma patients was 31.7 months and the median age was 
almost identical. Three patients have survived beyond 5 years after definitive 
therapy and they were, respectively, 2 months, 12 months, and 35 months 
old at the time of therapy. Four others have survived over 
than 5 years since definitive therapy and they were, respectively, 2 months, 
2 months, 3 months, and 6 months old at the time of treatment. Nine patients 
have survived for more than 1 year after definitive therapy and they had 
an average age of 9.8 months at the time of treatment. Only one of them 
was more than 15 months old at the time of treatment. The median age 
of the 9 patients who survived more than 1 year after treatment was 
months. This is a striking contrast to the median age of the entire series 
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of eases (31.7 months). 

This extremely favorable influence of age on the prognosis of neuro- 
blastoma is apparent but much less dramatic in our cases of Wilms’ tumor. 
Fourteen of our 95 patients are alive and well with no evidence of recurrence 
more than 5 years after definitive therapy. Of this group of 14 survivors 
beyond 5 years after treatment, 6 of the 14 were under 1 year of age, anc 
9 of the 14 were under 2 years of age at the time of treatment. The youngest 
child in this series (and we believe the youngest ever to undergo successtfu 
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nephrectomy performed for this disease anywhere in the world) was 12 hours 
old at the time of operation (by W. H. S.). The next patients in order of 
age at the time of nephrectomy were 3 days old, 4 days old, and 314 weeks 
old. The 3 youngest had no metastases evident at the time of nephrectomy 
and are all alive and well today. The child operated upon at the age of 
12 hours is now over 8 years old and in December, 1959, was completely, 
free of recurrence by physical examination and x-ray examination of the 
abdomen and chest. The child of 314 weeks at the time of nephrectomy had 
metastases present at the time and has since died of metastatic disease, well 
within the period of risk. 

Of the 14 children with Wilms’ tumor living over 5 years after definitive 
therapy, the average age and the median age were essentially identical, about 
56 months (4 years, 8 months) at the time of definitive therapy. Some of 
these patients are living more than 10 years after treatment and all of those 
living are now beyond the Collins period of risk, as noted previously. 

As Collins has said, ‘‘The essential question is not whether the growth 
rate is constant, but whether the total duration of cancer corresponds to an 
estimate based upon a constant growth rate.’’ It would appear that in the 
ease of Wilms’ tumor, at least, the estimate of prognosis based upon a con- 
stant growth rate and a period of risk is a good and reliable one, with only 
rare exceptions to mar its perfection. In the case of neuroblastomas, the 
postulate may be accurate so far as estimating the prognosis is concerned, 
since we and others have had no exceptions to the period of risk rule, but 
there is such a strongly favorable influence of extreme youth (less than 1 
year of age at definitive therapy) upon the eventual prognosis, that the postu- 
late of a constant growth rate may be in error in that group of tumors. 

The parents of a child with a Wilms’ tumor or a neuroblastoma can 
reasonably be told, as a yardstick to measure prognosis, that if the child 
survives beyond a postoperative period of his gestational period plus his 
chronological age at the time of treatment without evidenee of recurrence 
or metastasis, he may be considered as cured of his disease. 
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ELECTROLYTE REPLACEMENT OF GASTRIC DRAINAGE 
IN PEDIATRIC SURGERY PATIENTS 


IRINEO Z. GUTIERREZ, M.D., KAMTHORN SUKAROCHANA, M.D., AND 
WituiAM B. Kiesewetter, M.D., Prrrspureu, Pa. 


(From the Surgical Clinic, Children’s Hospital of Pittsburgh, and the Department of Surgery, 
University of Pittsburgh) 


LUID and electrolyte therapy in pediatric surgery patients is divided into 

3 phases,* as in adults. These phases are (1) maintenance therapy, which 
consists of a supply of water, electrolytes, and calories given for the daily 
metabolic needs, (2) deficit therapy, which is the replacement of water and 
electrolyte losses prior to the start of the fluid therapy, and (3) replacement of 
deficits after operation which result from abnormal losses such as gastrointes- 
tinal drainage, vomiting, peritoneal exudates, and drainage from fistulas and 
ileostomies. 

This paper concerns the problem of proper fluid and electrolyte replace- 
ment of contemporary losses which are the result of gastric drainage. Ordi- 
narily such loss is only a small portion of the total postoperative fluid need, 
but when the amount is large and the drainage lasts for 3 or more days its 
proper and adequate replacement will be a problem. The amount of drainage 
can be measured readily with accuracy, and it should not only be replaced 
quantitatively, but also qualitatively. The ideal approach in determining the 
proper concentration of the electrolyte solution to be used for replacement is 
to analyze the contents of the patient’s drainage. In most hospitals, laboratory 
facilities are not always available for this purpose, and it is not a practical 
routine economically. As an alternative, one can resort to the use of the known 
average electrolyte concentrations of gastric drainage. One such analysis of 
nasogastric decompression in 18 infants and children without operations re- 
vealed the average sodium concentration to be 46 mEq./L., chloride 72 mEq./L., 
and potassium 7 mEq./L.* 

Analysis of gastric suction drainages was made in 30 infants and children 
who had no metabolic defects. The ages ranged from 7 hours to 10 years. The 
patients in the study had suffered acute appendicitis, obstruction of the small 
intestine, intestinal malrotation, congenital diaphragmatic hernia, and tracheo- 
esophageal fistula in which gastric drainage was employed as part of the treat- 
ment. The specimens for analysis were taken from the first to the fifth days 
postoperatively. Most were taken on the first postoperative day. In obtaining 
the specimens, we employed no prior saline irrigation of the gastric tube in 
order to obiain undiluted samples. The results of the electrolyte composition 
determinations are shown in Tables I and II. These analyses seem to fall into 
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2 groups, depending on whether the patient was under or over 6 months of age. 
Table I represents the first group of 13 patients below the age of 6 months, and 
Table II concerns the second group of 17 patients above the age of 6 months. 
The electrolyte pattern within each group showed individual variation. 


TABLE I. ELECTROLYTE CONCENTRATIONS IN THE GASTRIC DRAINAGES OF 13 POSTOPERATIVE 
PEDIATRIC PATIENTS BELOW THE AGE OF 6 MONTHS 








TIME 
SPECIMEN 
TAKEN 
(POST- 

OPERATIVE Na CL K 
PATIENT AGE DIAGNOSIS DAY) (ME@Q./u.) | (MEQ./L.) | (MEQ./L. ) 


1. B. H. 2 days Duodenal atresia, annu- 1 5 23 0 
lar pancreas, intesti- 
nal malrotation, 
Meckel’s diverticulum 

2 days Meconium plug 
syndrome 

5 days Esophageal atresia, 
tracheoesophageal 
fistula 

6 days Esophageal atresia, 
tracheoesophageal 
fistula 

8 days Esophageal atresia, 
tracheoesophageal 
fistula, perforated 
rectum 

13 days Imperforate anus with 

rectovaginal fistula 

7 days Malrotation 

1month Incarcerated hernia 
with intestinal 
obstruction 

lmonth, Imperforate anus with 

1 week rectovaginal fistula 

.-M.J.P. 7 days Esophageal atresia, 
tracheoesophageal 
fistula 
» eG, 5 days Imperforate anus, 
esophageal atresia, 
tracheoesophageal 
fistula 
_K. lmonth Multicystic kidney 1 106 14.8 
Cc 5 months Volvulus of small 1 21.6 0.4 

intestines 























Averages 53.0 80.3 10.7 





The gastric drainage was found to have a low concentration of sodium and 
chloride compared to plasma. It was found that the average sodium, chloride, 
and potassium ion losses in the gastric drainage of patients above the age of 
6 months were significantly higher than in those of patients below the age of 
6 months. In the younger age group the average sodium concentration in the 
gastric drainage was 53.0 mEq./L., chloride 80.3 mEq./L., and potassium 10.7 
mEq./L. In patients older than 6 months, the average sodium concentration 
was 88.6 mEq./L., chloride 104 mEq./L., and potassium 14.4 mEq./L. 

Adequate replacement of gastric drainage in postoperative pediatric pa- 
tients is still a subject of controversy with regard to the composition of the 
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TABLE II. ELECTROLYTE CONCENTRATIONS IN THE GASTRIC DRAINAGES OF 17 POSTOPERATIVE P} 


PATIENTS ABOVE THE AGE OF 6 MONTHS 








PATIENT 


AGE 


TIME 
SPECIMEN 
TAKEN 
(Post- 
OPERATIVE 


DIAGNOSIS DAY ) 


NA 
(MEQ./L. ) 


CL 
(MEQ./L. 





1. B.G. 
. P.8. 
» De ae 


7 months 
1 year 


1 year 

1 year, 3 
months 

1 year, 4 
months 

1 year, 6 
months 

1 year, 7 
months 


1 year, 10 
months 

2 years, 2 
months 

3 years 

3 years, 2 
months 

3 years, 2 
months 


6 years 
6 years 
9 years 


10 years 


6 years 


Congenital esophageal 2 


stenosis 
Megacolon with ob- 

struction 
Imperforate anus 
Traumatic perfora- 

tion of the rectum 
Rectovaginal fistula 


Imperforate anus 
with colostomy 

Ventral incisional 
hernia, malrotation 
of intestines 

Acute appendicitis 


Appendicitis 


Atrial septal defect 

Intestinal malrota- 
tion 

Portal hypertension 
with bleeding eso- 
phageal varices 

Esophageal stenosis 


Appendicitis 
Appendicitis 
Ruptured appendix 


Ganglioneuroma, 


adrenal 
Averages 


23 
102 


83.2 
44 
78 

128 
62.4 


88.6 


50 
112 


105. 
136 


112 


Average 
values ) 
64 
95 
105.3 Average 
values ) 
105.0 


14.4 


104.0 





solution to be used. 


isotonic saline solution and 1 part dextrose in water.‘ 


Some authors advise the quantitative replacement of the 
drainage with isotonic saline solution,® while others use a solution of 3 parts 


From the data obtained 


from our electrolyte analysis of gastric drainages, we have determined what 
adequate replacement would consist of for patients both under and over the 
age of 6 months. 


Patients Under 6 Months of Age. 
best by a solution of equal parts of isotonic saline and dextrose in water. 
will provide 77 mEq./L. of chloride, which is more than adequate to replace 
the average 80.3 mEq./L. chloride loss in the drainage. An equal amount of 
sodium is provided, which is in excess of the real loss of 53.0 mEq./L., but the 
excess will be discriminately excreted by the normally functioning kidneys, 
provided the urine volume is adequate. 

Potassium can be supplied by the addition of 5 to 10 mEq./L. to 
This amount of potassium covers the 10.7 mEq./L. aver- 


Sodium and chloride can be replaced 
This 


the dex 


trose-saline mixture. 
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age loss and can be supplied from appropriate ampules calibrated in milli- 
equivalents for intravenous use. 


Patients Over 6 Months of Age.—A solution of 2 parts isotonie saline and 
1 part dextrose in water will supply the necessary sodium and chloride replace- 
ment. It will provide 102 mEq./L. of chloride to replace the average loss of 
104.0 mEq./L. in the drainage. The loss of sodium (88.6 mEq./L.) is less than 
the sodium provided (102 mEq./L.), but the excess will be readily exereted by 
normally functioning kidneys. 

Ampules of potassium can supply the replacement of this ion which should 
approximate 10 to 15 mEq./L. of total drainage replaced. 

In giving potassium ions, there are 2 precautions to be considered.” First, 
in severely depleted patients, rehydration with the correct fluid in the proper 
amount should be accomplished before potassium is given. Second, great care 
should be observed in the administration of potassium to patients with impaired 
kidney function to prevent a high plasma level from developing. This is espe- 
cially important in infants,® as their kidney function is immature at birth and 
does not attain normal levels of adult renal function until the age of 1 year 
or more. 

The quantitative replacement of gastric suction should be carried out at 
the same rate as the suction loss occurs. The drainage amount should be 
checked every 6 or 8 hours and the replacement carried out by the addition of 
the replacement amount to the total amount of fluid therapy. 

Frequent blood value determinations of sodium, chloride, and potassium 
should be used to check the adequacy of the replacement therapy. In eases of 
large quantity drainage, it may be necessary to make an electrolyte analysis of 
aliquot portions of the drainage at regular intervals to determine the exact 
electrolyte pattern for replacement. 


SUMMARY 


Analysis of the electrolyte pattern of the gastric drainages of 30 post- 
operative pediatric patients was carried out to determine the composition of 
the solution to be used to replace suction losses. 

In patients below the age of 6 months, a solution of equal parts of isotonic 
Saline solution and dextrose in water should be used for replacement. This 
provides 77 mEq./L. of sodium and chloride which most nearly covers the 53.0 
mEq./L. and 80.3 mEq./L. average losses of these respective ions. About 5 to 
10 mEq./L. of potassium ion should be added to cover the 10.7 mEq./L. loss. 

For patients older than 6 months, the replacement solution should be 2 
parts of isotonic saline solution and 1 part dextrose in water. This gives ade- 
quate coverage (102 mEq./L. of sodium and chloride) for the average losses of 
88.6 mEq./L. of sodium and 104.0 mEq./L. of chloride. Potassium ion in the 
concentration of 10 to 15 mEq./L. should be added to the replacement solution 
to cover the loss of this electrolyte. 

The gastric suction should be replaced volume for volume and at the same 
rate as the rate of suction loss. 
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Mark M. Ravircn, M.D., anp James M. Hirzrot, II, M.D., Bauttrmore, Mbp. 


(From the Departments of Surgery of The Johns Hopkins University School of Medicine, 
The Johns Hopkins Hospital, and The Baltimore City Hospitals) 


WILLIAM STEWART HALSTED 
Part II 


Halsted’s second detailed paper on inguinal hernia was published in 
The Johns Hopkins Hospital Bulletin in 1903, and was entitled, ‘‘The Cure 
of the More Difficult as Well as the Simpler Inguinal Ruptures.’’ It illustrates 
well his constant analysis of a problem and reappraisal of its solution. He 
opened with the statement that ‘‘This communication will, I hope, be of interest 
to friends who have asked for precise information as to the modifications which 
our operation for hernia has undergone in the process of development during 
the past thirteen years, and of service to operators who seek to obtain in each 
instance a result as perfect as possible and who recognize that not infrequently 
there oceur cases of hernia requiring for their cure extraordinary operative 
procedures.’’ He pointed out that ‘‘the present operation has been evolved by 
degrees and stands for the experience of 14 years derived from more than 1,000 
operations for the cure of inguinal hernia; features of the old where they 
seemed unnecessary have been dropped, and new ones, as they seemed to be 


indicated, added.’’ 

The frequent confusion obvious in discussions among surgeons as to what 
operation Halsted performed is easily explained by the obvious fact that 
Halsted continued to change his operation, and his indications for the various 
modifications, as he gained in experience. It is worth while to trace his own 
development, ‘‘ Although, for several years, our operation, so far as trans- 
plantation of the cord and high closure of the sae is concerned, was even more 
radical than Bassini’s (the cord was transplanted into the substance of the 
divided internal oblique muscle), we were tempted, at the very cutset, to test 
the relative value of cord transplantation in some of the cases, and permitted 
the entire cord to lie undisloeated and altogether undisturbed in its bed... all 
of the eases treated in this manner (cord undisturbed) remained cured.’’ 


(p. 293.) 
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Bloodgood had reinvestigated and re-examined the first 300 cases. He 
found that actually the excision of the veins had decreased the incidence of 
recurrence at the internal ring. In fact, when the veins had been excised there 
was never a recurrence at the internal ring. Halsted pointed out, however, 
that ‘‘excision of the veins with transplantation of the vas deferens taught us 
that not infrequently a hydrocele usually insignificant in size was to be ex- 
pected, and that in about ten per cent of the eases atrophy of the testicle had 
occurred. For several years, then, we have been excising the veins in this 
careful manner, leaving the vas deferens untransplanted, undisturbed, and 
the internal oblique muscle undivided.’’ 





Figs. 14-20 originally appeared in Halsted’s 1903 paper in the Johns Hopkins Hospital 


Bulletin. The illustrations are here roduced from the original drawings by Max _Brédel 
in the collection of the Department \ s Applied to Medicine of The Johns Hopkins 
University School of Medicine, t! courtesy of Mrs. Ranice Birch Davis, Director 


of the Department. 


Fig. 14. The incision is the same as ...', previously used. The aponeurosis has been 
divided and reflected, the cremaster muscle and fascia have been split and the sae and cord 
delivered. 

The treatment of the sac is not shown in the illustrations, but the same technique, 
dissection of the sac and high ligation by suture, is described in the paper, with the state- 
ment that the ends of the suture are left long and brought out through the internal oblique, 
the sac being transplanted much in the manner of the Kocher procedure. It is interesting, 
considering the stress which Halsted originally placed on transplantation of the cord, that, 
except in this first drawing, the cord is not even shown in the description of this operation. 
The text, however, makes it clear that in most cases the veins were divided above the internal 
ring, so that there would be no excess of veins coming through this ring, and that the cord 


was left undisturbed. 
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Number 3 

Further, ‘‘Four years ago the author used for the first time a part of the 
aponeurosis covering the right rectus muscle to close the lower part of the 
right inguinal eanal.’’ (p. 297.) Harvey Cushing, an accomplished amateur 
surgical illustrator, made a sketch of this operation which Max Brédel elaborated 
to illustrate Halsted’s paper. Examining the repair after 3 years, ‘‘I con- 
sidered the result as perfect as any that I had seen,’’ and he suggested, ‘‘this 
procedure may have a wider application than I have proposed for it. The 
anterior sheath of the rectus muscle might be employed in the way described 
whenever the conjoined tendon is insufficient, whether the cremaster muscle 
ean be well used to remedy the defect or not.’’ A little further on the same 


Fig. 15. Shows the cremaster muscle being tacked to the underside of the internal 
oblique. 

Halsted indicated that he thought that the cremaster was frequently too good a 
structure not to be employed. He also stated that on occasion, when it is not possible to 
bring down the internal oblique to Poupart’s ligament, if the cremaster is a very strong 
structure, it may, in itself, suffice for a satisfactory repair. 


page he stated, ‘‘thus far we have had no reason to believe that the results 
would have been better if the vas deferens had been transplanted, as was our 
custom for several years, to the outer angle of the canal. We may eventually 
discover that the transplantation of the cord, which Bassini, and at one time 
the author, considered not only so important, but perhaps the principal feature 
of the operation, is harmful rather than helpful. Briefly, we may find that not 
only the vas deferens, but even the entire cord, would be more safely trans- 
mitted at the lower angle of the deep wound than at the upper.’’ He dis- 
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cussed the cremaster muscle in detail, stating that formerly it used to be cut 
away. He pointed out that on occasion the cremaster is so heavy and so strong 
that it can be sutured to the internal oblique which is therefore not brought 
down to Poupart’s ligament. He suggested, however, that in most eases it would 
be well to bring the internal oblique down in the ordinary way and then stitch 
the cremaster over it as a further reinforcement. He stated that they had 
now come to transplanting the neck of the sac as in the original Kocher opera- 
tion, ‘‘and finally we overlap the aponeurosis of the external oblique muscle 
to insure the union which a mere approximation of the edges of the aponeurosis 
cannot do, and to close more snugly the external ring. Not a single atrophy of 
the testicle has been recorded since 1899.’’ 





Fig. 16. Shows the cremaster drawn across and sewed to the underside of the internal 
oblique. The knots of those sutures show as the most medial row. The second row of sutures 
is being placed between the internal oblique and Poupart’s ligament. 

It is interesting that these sutures (which Halsted describes as usually being of 
catgut!) are not taken nearly as close to the shelving edge of Poupart’s ligament as is 
customary today. 


He then described his current operation in detail (pp. 300-302) : 

‘TI. The aponeurosis of the external oblique is divided and the 
two flaps reflected as in the Bassini-Halsted operation. 

*‘II. The ecremaster muscle and fascia is split. 

‘III. The internal oblique muscle is made as free as possible. 
A little artefaction is here often necessary. If the muscle cannot be 
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Fig. 17. The sutures in the previous row have been tied and a row (JII) of mattress 
sutures has been placed to lap the medial aponeurotic flap over the lateral. 

Once more the mattress bites of the previous row of sutures in Poupart’s ligament, 
indicated as layer IJ, demonstrate that the bites in Poupart’s ligament are taken really 
through the aponeurosis, just above Poupart’s ligament. 


in. B 





Fig. 18. The previous row of sutures having been tied, another row of sutures is taken 
between the free edge of the medial aponeurotic flap and the lateral aponeurotic flap, com- 
pleting the imbrication. 

Halsted uses the word overlapped, and the word imbrication is not met with in his 
papers, although Ferguson and Andrews had employed it in previous publications. 
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drawn, without tension, well down to Poupart’s ligament, it helps, 

I think, to make a relaxation cut or two in the anterior sheath of the 

rectus muscle under the aponeurosis of the external oblique muscle. 

This sheath being, in part, the aponeurosis of the internal oblique mus- 

cle, one can readily comprehend that incisions into it, if properly made, 

might be of service.’’ 

He suggested postponing the relaxation incisions until after the internal 
oblique had been brought down to Poupart’s ligament to determine ‘‘the 
number, length, and precise position of the relaxation euts.’’ He also indicated 
that this would allow one to determine whether ocr not a flap of reetus sheath 
would be used to close the lower portion of the inguinal eanal. 







Internal Aponeurosis of 
obliau _ ext. oblique 
W 
. Fouparts 
> ligt. 


9.8. 2? 
Fig. 19. The section through the abdominal wall shows quite clearly the nature of the 
repair. The cord is undisplaced, and lies deep to the cremaster which has been sutured to the 
underside of the internal oblique (J). The internal oblique has been brought down over this 
to Poupart’s ligament (JJ), or to the aponeurosis near it. The lateral aponeurotic flap has 
been sutured to the underside of the medial aponeurotie flap (JJ), and the lateral edge of 
the medial flap has been tacked down to the lateral flap (JV). 

It should be emphasized that this was the operation which, after years of experimen- 
tation, Halsted found the most satisfactory for the treatment of inguinal hernia. There is 
no comment anywhere in his papers up to this point on any difference in the handling of 
direct or indirect inguinal hernia. 


This appears to be the first recorded publication of the use of the relaxation 
incision of this kind, as further elaborated by Rienhoff some years later (v.i.), 
and in England by Norman Tanner. Only 11 years before, Halsted had dis- 
posed of relaxing incisions as ‘‘undesirable.’’ 

‘‘TV. When the veins are large, and this is usually the ease, they 
should be excised with very great care... the vas deferens should not 

be raised from its bed or handled or even touched. The veins should 

be ligated as high up in the abdomen as possible. ... The farther from 

the testicle the veins are divided, the better. 

‘*V. Ligation of the sae by transfixion, or by purse-string suture 
at the highest possible point. Both ends of this suture, after tying, 
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are threaded on long curved needles, then carried far out under the 
internal oblique muscle, from behind forwards, and, passing through 
this muscle, about five millimeters apart, are tied. The idea was sug- 
gested to the author by Kocher’s opreation, the principle being essen- 
tially the same. 

‘“‘VI. The lower flap of the cremaster muscle and its fascia is 
drawn up under the mobilized internal oblique muscle and held in 


this position by very fine silk stitches. 


s' 





Fig. 20. Shows the use of a reflected flap of rectus sheath to reinforce the second 
layer of the repair. 

This drawing was made by Max Brédel from a sketch made at the operating table by 
‘‘Doetor Harvey Cushing, House Surgeon at the time.’’ Halsted did not illustrate the use 
of the relaxation incision in the rectus sheath which he came to employ. 


‘‘VITI. The internal oblique muscle, mobilized, and possibly further 
released by incising the anterior sheath of the rectus muscle, is stitched 
(the conjoined tendon also) to Poupart’s ligament in the Bassini- 
Halsted manner. Catgut is usually employed for this suture [italies, 
ours]. 

“VIII. The aponeurosis of the external oblique muscle is over- 
lapped. This is known as Andrews’ method, although devised inde- 
pendently by us. 

‘“‘TX. The skin is closed with a buried continuous silver suture, 
and the incision covered with five or six layers of silver foil. It is 
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unnecessary to dress or examine a wound closed in this manner for 
two weeks, when the wire may be withdrawn. Patients are kept in 
bed from eighteen to twenty-one days.’’ 

It will be seen that Halsted had come a long way from the simple and 
rather crude elementary state of his original procedure, to the considerably 
more detailed and delicate operation now performed. 

Finally, on Aug. 26, 1922, a few months before his death, Dr. Halsted 
prepared an additional note on the operation for inguinal hernia which was 
published with his collected papers after his death. This paper is of particular 
interest, in being Dr. Halsted’s final evaluation of the importance of his 
method of hernia repair and is therefore included in toto (pp. 306-308) : 


‘*My first cases were reported at a meeting of The Johns Hopkins 
Hospital Medical Society, November 4, 1889, and were published in 
The Johns Hopkins Hospital Bulletin, for January, 1890. Hence 
Bassini’s brochure anticipated my first report by at least a month or 
two. Whether my first operation was performed before the appearance 
of Bassini’s pamphlet in Italian I cannot say, for the precise date of 
the pamphlet is not given. In any event I had not heard of Bassini’s 
operation until his German article appeared—possibly about one year 
after my first operation; neither was I, or any American or German so 
far as I know, aware of Bassini’s first report until the appearance of 
the second. Bassini unquestionably has the priority. Our operations 
differed in several respects, but in the essential features were the same. 
He transplanted the cord out to the position of the internal ring: 
I divided the internal oblique and oceasionally the transversalis muscle 
and transplanted the cord to a point considerably external to the site 
of the internal ring. We both sutured the internal oblique muscle to 
Poupart’s ligament; Bassini placed the transplanted cord between the 
internal oblique musele and the aponeurosis of the external oblique, 
whereas in my operation it was carried superficial to this aponeurosis. 
Bassini stressed the importance of restoring the obliguity of the canal, 
but this his operation did not do, nor ean it be done. At the very out- 
set in some of the eases I omitted the transplantation feature of the 
operation, preserving the others (the division of the muscles, the high 
ligation of the sae, the suturing of the muscles to Poupart’s ligament), 
trying to determine the essential details of the operation in case il 
proved successful. It soon oceurred to me that it might be well to 
reduce the size of the cord by excising the greater of the two bundles 
of veins which accompany the cord. But after a time this procedure 
was abandoned because hydrocele followed it in about 20 per cent of 
the eases. We found that the direct hernias recurred more often than 
the indirect and hence Bloodgood practised suturing the outer fibers of 
the rectus muscle to Poupart’s ligament in order to fill the defect caused 
by the obliteration or attenuation of the conjoined tendon. Unknown 
to Bloodgood or me Wolfler had made use of this device some months 
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earlier. I never approved of this procedure, believing that the reetus, 
in contracting, would pull away from the abnormal position, and hence 
in place of the muscle fibers used a flap formed from its anterior sheath. 
Some years later I found that Berger, a French surgeon, had anticipated 
me by a few months in using this flap of fascia. Later I improved 
the operation by overlapping the aponeurosis of the external oblique 
and underlapping (under the internal oblique) the split cremaster 
muscle (vid. Broedel’s beautiful drawings). The best studies of the 
ultimate results of operations for hernia are, undoubtedly, the mono- 
graph of Bloodgood (The Johns Hopkins Hospital Reports, 1899), 
and the paper by Taylor (Archives of Surgery, Volume 1 No. 2). 
Bloodgood traces the development of the operation and gives the results 
for the first ten years or so, and Taylor continued the study up to 
about 1919. Taylor’s paper teaches several things, the most significant 
being the fact that the best results were obtained by the resident 
surgeons who conscientiously observed all the details of my operation 
in its final form. Their percentage of recurrence is about 2.5. The 
worst results were by ‘A’ and ‘B’ (20 to 28 per cent). ‘A’ adhered to 
the Bassini operation and ‘B’, proclaiming incessantly that any opera- 
tion would cure hernia, made light of the details upon which I insisted. 
Dr. Cushing made an important contribution in performing the opera- 
tion under local anaesthesia. He blocked the nerves, as I have done 
in other operations. The reviewers of Taylor’s paper have without 
exception missed almost all of the lessons which it teaches. 

‘It gratified me to note that in twenty years I have probably not 
had a recurrence. This is the more remarkable because most of these 
cases were operated upon between ten and twenty years ago. It would 
weary you to have me discuss this subject farther; but I have spoken 
only of points which are essential to a superficial understanding of the 
subject. We have been unable to demonstrate that the transplantation 
of the cord is advantageous and hence, years ago, discarded this detail 
of the operation. Obviously it is better to leave the cord undisturbed 
in its bed unless it can be proved that transplantation of it gives the 
better results. Doctor Karl Schlaepfer tells me that the German 
surgeons, with few exceptions, have not abandoned the transplantation 
of the cord. Bassini has made no contribution to the subject, I am 
quite sure, since 1890. There is not in any language a study of the 
ultimate results, or of the relative importance of the various details 
of the operation, comparable to ours. Indeed I have not seen a single 
paper since Bassini’s which contributed anything new. Kocher’s opera- 
tion and Leisrink’s, although clearly not advisable, tend to strengthen 
my conviction that the most important feature of the operation is the 
high ligation of the sae. Prior to Bassini’s publications inguinal 
hernia had rarely been cured. The best operation up to that time was 
McEwen’s. This was in a measure a subcutaneous operation and so 
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difficult to perform that it was rarely undertaken by others; but it 
necessitated a high closure of the neck of the sae because, in making 
a pad of the folded sae which he sutured at the site of the internal ring, 
he undoubtedly closed off the neck of the sae at a high point. He cured 
nine (?) cases, some of them for five years or more, as I recall the facts. 
His operations were in the days when surgeons hesitated to make long 
incisions and free exposures and careful dissections of the region. | 
shall be interested to ascertain McEwen’s early attitude towards anti- 
sepsis. I have an impression that he was not an ardent supporter of 
Lister at the outset. The cure of inguinal hernia may be listed with 
the triumphs of surgery.’’ 
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GEORG LOTHEISSEN 
1868—1935 
Lotheissen was born at Genf, Austria. He studied medicine in Vienna, 
graduating in 1892, and served as assistant, to both Zuckerkandl and Billroth. 
In 1902 he became senior surgeon of the Kaiser Franz Joseph Hospital in 
Vienna, and remained there until the time of his death. He contributed 
papers on surgical technique, particularly on surgery of the esophagus and 
repair of femoral hernia. 


LOTHEISSEN AND THE COOPER’S LIGAMENT REPAIR 


In the past 15 years there has been great interest in the ‘‘Cooper’s Liga- 
ment Repair,’’ as a result of the writings of C. B. MeVay. This operation was 
probably first deseribed and reported to surgeons by Georg Lotheissen in 1898, 
in ‘‘Zur Radikaloperation der Schenkelhernien.’’ Lotheissen introduced his 
remarks by stating that the recent interest in hernias had produced a series of 
operations with minor modifications of each other by Bassini, Kocher, and 
others, all of which produced merely a narrowing of the inguinal canal. Be- 
cause these produced only a sear closure of the canal, he felt that it was not 
surprising that recurrences were common. In 1897, in operating upon a 45- 
year-old woman with a recurrent inguinal hernia, after two previous operations 
in the clinic, Lotheissen had intended to perform Bassini’s operation. In 
excision of the sear, a portion of Poupart’s ligament was sacrificed, preventing 
a typical Bassini repair. ‘‘I therefore sutured the musculature to the peri- 
osteum of the horizontal ramus of the pubis, the so-called ligamentum Cooperi; 
this was surprisingly easy. Since the result was very good, I employed this 
repair also in the course of the radical operation for femoral hernia.’’ (p. 548.) 
Lotheissen stated that his friend, Professor Narath of Utrecht, had told him of 
coming to the same conclusion in the same operation, with similarly good 
results. 

Lotheissen deseribed his operation as follows (p. 549): 


The incision was made directly over Poupart’s ligament. The 
fascia of the external oblique muscle was split 1 or 2 mm. away from 
the ligament, giving admission to the inguinal ring. In the presence 
of a simultaneous inguinal hernia on the same side, the sac was isolated 
and delivered, as in a Bassini procedure. Lotheissen pointed out that 
the femoral hernia sae can be delivered from above, or isolated, ligated, 
and divided below. In either case the stump of the sae could be de- 
livered upward sufficiently to expose clearly the horizontal ramus of the 
pubis (Cooper’s ligament). 

The muscle is then brought down to Cooper’s ligament with four 
or five sutures of heavy silk. The passage of these sutures through 
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Cooper’s ligament, Lotheissen described as ‘‘der schwierigste Akt,’’ 
‘‘the most difficult step.’’ In order to provide more room, the femoral 
vein is freed a bit and retracted laterally with a blunt retractor. The 
sutures are all placed before any are tied, and the lateral ones tied 
first where the tension is least. An additional suture may then be 
placed between the muscle and Poupart’s ligament. 

The fascia of the external oblique is next sutured and then the 
skin. He stated that initially he had also sutured Poupart’s ligament 
with several stitches to the periosteum of the pubis, but this he had 
given up as being unnecessary and because the excess of sutures in 
Cooper’s ligament might readily lead to necrosis. 


The originator of the operation seemed to be as aware as later operators 
of the problem of the space left by his repair, and emphasized the need for a 
firm compression bandage to hinder the accumulation of fluid. In his original 
report, Lotheissen stated that he had performed this operation on 12 patients, 
on one of them bilaterally. The cord in the males was treated in a manner 
analagous to the Bassini repair of inguinal hernia. However, he remarked 
that the cord could have been left below, and added that, in an additional case, 
after excision of tuberculous lymph nodes, which created the potentiality of a 
femoral hernia, Professor von Hacker, his Chief at Innsbruck, had employed 
this method prophylactically to prevent a femoral hernia. This was case No. 18. 
At the time of publication there had been no recurrences, even in one patient 
who had had a reeurrence within 4 weeks of a previous operation by another 
method. One year had passed since the first operations. There were no 
illustrations. 

The second paper by Lotheissen was presented before the Congrés de la 
Société Internationale de Chirurgie, Brussels, in 1908. The title of the paper 
is ‘‘Zur Operation der Schenkelhernie.’’ Lotheissen had modified his operation 
only to the extent that he was now using a wire suture of aluminum-bronze, 
stating that he had had no recurrences in patients in whom such wire sutures 
had been used. He pointed out that the medial sutures took the internal 
oblique and the transversalis and also the rectus abdominis and laterally took 
the ligament of Cooper. The cord in males could be left beneath the aponeurosis, 
or superficial to it. If a simultaneous femoral and inguinal hernia occurred. 
the one repair would cure both. He had had 13 such cases and had also success- 
fully employed his operation in recurrent inguinal hernias which had previously 
been treated by a Bassini procedure. There were no illustrations in either 
of Lotheissen’s papers. 

A paper by Chester B. MeVay and Barry J. Anson, ‘‘A Fundamental 
Error in Current Methods of Inguinal Herniorrhaphy,’’ published in Surgery, 
Gynecology and Obstetrics in 1942, led to a vigorous revival of the Lotheissen 
operation. MeVay, when a house officer on the Surgical Service of Dr. Fred 
A. Coller at the University of Michigan, had become interested in the anatomy 
of the inguinal canal. He became convinced, from his dissections, that the 
inguinal ligament was an unnatural, unsatisfactory, and inadequate structure 
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to be employed in the repair of inguinal hernias. MeVay and Anson decried 
the use of the inguinal ligament and laid great stress on the importance 
Cooper’s ligament. ‘‘If the insertion of the lower inguinal portions of the 
transversalis fascia and transversus abdominis aponeurosis were not readily 
available, then there might be some reason for using the inguinal ligament; but, 
actually, the layers themselves and the heavy band into which they insert 
medially, are conveniently situated for surgical use; the latter band, termed 
the superior pubic, or Cooper’s ligament, is a dense, fibrous structure, lying on 
the antero-superior aspect of the superior pubie ramus, from the pubic tubercle 
medially, to the vicinity of the femoral vein laterally. It is composed of fibers 
from the transversus aponeurosis and attached transversalis fascia, a lateral 
expansion of the rectus tendon over the insertion, and the pectineus fascia.’’ 
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Fig. 21. Dissection demonstrating the stage in a direct inguinal herniorrhaphy in which 
the hernial sac has been excised. The relationship of the inguinal ligament, Cooper’s 
ligament, and the margins of the transversus and internal oblique aponeurosis is demon- 
strated. The margins of the latter are sharp because the attenuated portions have been 
excised. (From MeVay and Anson: Surgery Gynecology and Obstetrics 74: 746, 1942. 


Anson and MeVay were apparently unaware of Lotheissen’s paper, despite its 
mention in standard works on hernia. They stated that although Cooper’s 
ligament had been used for femoral hernia repairs, Babeock’s paper, in 1927, 
was the first, to their knowledge, to suggest the use of Cooper’s ligament in the 
repair of inguinal hernia. Anson and MeVay, in this paper, make no mention 
of cases operated upon, operative results, or any account of results in the same 
clinic by any other operative method. There is no evidence that their criticism 
of other operations is based on an evaluation of results. 
The operation which MeVay recommended ‘‘differs from others 
in that it ignores the inguinal] ligament.’’ After treatment of the sac 
the Cooper’s ligament is isolated and cleaned of adjacent tissue. ‘‘The 
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margin of the transversus abdominis aponeurosis and attached trans- 
versalis fascia . . . is then sutured to Cooper’s ligament from puhic 
tubercle to the femoral vein by a series of interrupted silk sutures. 
If the lower border of the internal oblique is aponeurotic, its substance 
is to be included in the sutures.’’ MeVay acknowledges, as Lotheissen 
did before him, that ‘‘the suturing of the layers to Cooper’s ligament 
is technically more difficult because of the latter’s deep position. There 
is also the danger of injuring the femoral vein. A simple precaution 
forestalls such an accident; by the use of a vein retractor... .’’ 


In 1958 MeVay published the results of his operations for inguinal hernia: 
‘‘Inguinal and Femoral Hernioplasty: The Evaluation of a Basie Concept,’’ 
which appeared in Annals of Surgery. From 1946 to 1956, 580 hernioplasties 


Fig. 22. Herniorrhaphy, showing the aponeurotic lower margins of the transversus and 
internal oblique sutured to Cooper’s ligament. (From McVay and Anson: Surgery Gyne- 
cology and Obstetries 74: 746, 1942.) 


were performed by MeVay and his associates. Of these, 344 were done by his 
alternate method for use in small indirect inguinal hernias, when the posterior 
inguinal wall is ‘‘uncompromised.’’ The alternate method entails only a high 
ligation and excision of the sac, with a few sutures in the transversalis muscle 
and fascia about the internal inguinal ring ‘‘so as to snuggly [sic] close it.’’ 
The formal operation was applied to 236 of these hernioplasties, the method 
advaneed as a ‘‘repair of the posterior inguinal wall.’’ This included, in all 
cases, a relaxing incision in the rectus sheath for the innovation of which he 
seems to give equal credit, with Halsted, to Tanner, whose description was 
published in 1942. A 91 per cent follow-up was obtained in the 580 eases. 
In the alternate, simple repairs there was a recurrence rate of 3.2 per cent. 
In the more extensive repairs of the posterior inguinal wall, using Cooper’s 
lic:ment, there were but 2 recurrences, or a rate of 0.85 per cent. 
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MeVay’s preference for this procedure and dissatisfaction with others 
was based on a priori grounds, and not on any statistical comparison. Our 
own feeling with respect to his argument is almost precisely that expressed in 
an editorial by Leo M. Zimmerman, in Surgery, Gynecology and Obstetrics 
in 1948. Zimmerman asserted that there is no basis for MeVay’s statement that 
the conventional use of the inguinal ligament in inguinal hernia repair is fore- 
doomed to failure because of the mobility of the inguinal ligament. In the 
first place, Zimmerman pointed out that recurrences occur above the inguinal 
ligament, and not below it, in most cases, as might be expected if the mechanism 
which is imputed by McVay were a factor. In the second place, if anything, 
Zimmerman rightly added, the suture of the mobile medial tissues to rigid 
lateral tissues, as in the McVay procedure, would tend to increase the likelihood 
of necrosis of the softer medial tissues by the suture, and their subsequent 
breakdown. And, finally, he emphasized the technical difficulty of the Cooper’s 
ligament repair and the less-than-satisfactory solutions of the problem of 
completing the repair round the femoral vein, plus the likelihood of injury to it. 
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THE ‘“‘JOHNS HOPKINS HERNIA”’ 


So far as we know, no surgical clinic has undertaken a controlled series 
of hernia repairs by several techniques which, after several thousand operations 
and follow-up of all patients for a period of years, would accurately evaluate 
the merits of the several operations. We venture to believe that such a study 
would show that, if the sae is ligated high, if the repair is so performed as to 
produce good apposition of strong tissues, without tension, the details of the 
various techniques might be found to be of small importance. The operation 
described below is, we think, the simplest and least traumatie, effective 
procedure. 

Dr. Dean Lewis, who succeeded Dr. J. M. T. Finney in Dr. Halsted’s Chair 
of Surgery at Johns Hopkins, used to delight in pointing out that neither the 
students, nor the house staff, knew what the ‘‘ Hopkins’ Hernia’’ was, although 
it was the operation generally performed in the hospital. Dr. Lewis so 
designated the operation in his contribution to the Bassini Fiftieth Anniversary 
Volume. To Dr. Lewis, and according to him, to surgeons all over the country, 
this was Halsted’s second operation, the operation without transplantation of 
the cord, and the operation to which, as we have seen, Halsted finally came for 
the cure of the vast majority of all inguinal hernias. We have noted Dr. 
Halsted’s wry indication that his own staff did not uniformly employ this 
operation, and no greater uniformity obtains today. This operation, with the 
important addition of strong emphasis on the rectus relaxation incision, which 
had been suggested by Halsted, is best exemplified in the paper by Dr. William 
F. Rienhoff, Jr., ‘‘The Use of the Rectus Fascia for Closure of the Lower or 
Critical Angle of the Wound in the Repair of Inguinal Hernia,’’ published 
in Surgery, in 1940, with illustrations by Leon Schlossberg. 

This operation is, with very slight modifications, precisely the one we 
favor, and recommend, for the vast majority of inguinal hernias, direct and 
indirect. The exceptions are the femoral hernia which we repair from above, 
using a Cooper’s ligament repair, and the infrequent, very large, direct, or in- 
direct hernia, or large recurrent hernia, in which we still employ the sub- 
cutaneous transplantation of the cord, according to the method of Halsted, with 
excision of the eremaster muscle. 

The following is a direct quotation from Rienhoff on the method of per- 
forming the ‘‘Hopkins’ hernia repair.’’ We have indicated, in italics, the 
variations from the described technique which we have come to employ. 

1. ‘‘The incision is made on an oblique line, beginning about one 
finger breadth inside, and below the anterior superior spine of the ilium, 

and crossing down to a point approximately over the external inguinal 

ring, about one finger breadth external to the spine of the pubis.”’ 


631 





632 SURGICAL HISTORY Retin 
September, 19: 


We prefer to carry the incision down over the pubis to the midline 
so as to make exposure of the inguinal ring and the pubis effortless, and 


do not begin the inciston as far laterally. 
2. ‘‘Ineision is made in the aponeurosis of the external oblique 


muscle, along the course of its fibers, so that the external inguinal ring 
is divided near its upper middle angle.”’ 

3. (Fig. 23.) ‘‘The underside of the aponeurosis of the external 
oblique is dissected back and medially as far as possible towards the 
midline, separating it from the anterior sheath of the rectus abdominis. 
More than half the anterior surface of the rectus sheath is thereby 
exposed. Laterally the aponeurosis is dissected free to the inguinal 


ligament.’’ 





Fig. 23. 


4. (Fig. 24.) ‘‘A vertical incision is then made through the 
anterior sheath of the rectus, exposing the pyramidalis muscle and 
also a portion of the rectus muscle just above its insertion into the pubic 
bone, posterior to the pyramidalis muscle.’’ 

For the purposes of demonstration, if this incision is left until 
the conjoined tendon and internal oblique have been brought down 
to Poupart’s ligament, one can see graphically the wide gap in the 
fascia, the exposure of the rectus muscle, and the release of tension in 
the suture line, as this incision is made. The fascia re-forms in this 
area, and the intact muscles form an effective barrier against a new 
hernia at this point. Such a hernia through the rectus has not been seen. 
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5. ‘‘The cremaster muscle is split, the sae exposed, dissected down 
to its neck, and either transfixed and ligated, or in broad sacs, closed by 
an internally placed purse string suture of silk. The excess of the sac 
is cut away and the stump of the sae allowed to snap back beneath the 

abdominal wall.’’ 

6. We employ the additional step of closing the incision in the 
cremaster with a few fine silk sutures. This adds no strength, but per- 
mits of a neater repair by keeping the cord structures out of the way 
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7. (Fig. 25.) ‘‘The eremaster muscle and fascia are sutured with 
mattress sutures of fine silk to the undersurface of the lower edge of the 
internal oblique and transversalis muscle and their aponeuroses, to- 
gether with the lateral portion of the fascia of the rectus sheath.’’ 

This seems to us to add very little strength to the repair, although 
it does retract the cord and make the placement of the next row of 
sutures somewhat simpler. The same effect can be achieved by having 
an assistant depress the cord with the back of a pair of dissecting 
forceps. 
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8. (Fig. 26.) In the next layer the ‘‘everted edge of the sheath 
of the rectus and aponeurosis of the internal oblique and transversalis 
muscles’’ is sutured ‘‘to the inner surface of Poupart’s ligament.’’ 

To our mind this is the most important step in the herma repair, 
after the high ligation of the sac. Brought down to the inguinal liga- 
ment at its shelving edge are the internal oblique muscle, the conjoined 
tendon (if one can be defined), and a portion of the rectus sheath, in- 


Fig. 27. 


feriorly, where this tough structure forms a far more suitable tissue 
than the frayed out portions of the conjoined tendon. We insert our 
sutures in deep Lembert bites, rather than through and through. We 
usually pre-place all of these sutures before tying any, and tie the 
lateralmost first, each one serving to decrease the tension on the next, 
the tension obviously being least laterally, and greatest medially and 
inferiorly. Not uncommonly the lower two of the pre-placed sutures are 
taken in the periosteum of the pubis, and it is found that before these 
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sutures have been reached, a very tight closure has been secured and 
that to tie these would be to constrict the cord. By the same token, it is 
not possible to place these lower sutures in Cooper’s ligament without 
transplanting the cord, which we find unnecessary in the vast majority 
of hernias, in complete agreement with Halsted and Rienhoff. 

9. (Fig. 27.) ‘‘The flaps of the [external oblique] aponeurosis are 
imbricated or overlapped by two rows of Lembert’s sutures of fine silk, 
the medial flap overlapping.’’ 

The chief virtue of this maneuver is the fact that the taking up of 
slack on the aponeurosis transfers any tension from the deeper closure 
to this layer where it can best be borne, and allows the primary closure 
of the conjoined tendon and internal oblique and rectus sheath to the 
shelving edge of Poupart’s ligament to heal with minimal tension. 

10. Rienhoff states, ‘‘Transplantation of the spermatic cord has 
not been done because it is thought to be unnecessary for the cure of 
inguinal hernia, either direct or indirect.’’ 

While agreeing that this statement is applicable to the vast ma- 
jority of inguinal hernias, we do find a small number in which trans- 
plantation of the cord seems desirable. These include very large hernias 
with poor structures, whether direct or indirect, and large inguinal 
hernias recurrent after apparently satisfactory operative procedures. 
However, tt ts unfortunately true that in many recurrent hernias, dis- 
section very rapidly discloses essentially virgin tissues, so that ap- 
parently little more than a ligation of the sac had been done at the 
original operation, and the simple performance of the operation of 
Halsted without transplantation will still provide a cure. 


In the special instances listed above, we modify the operation de- 
scribed in the following ways: 


1. The cord is lifted up out of its bed during the operation until 
all of the fascial suture layers have been completed. 

2. The cremaster is excised so that its bulk will not create a po- 
tential weakness in the fascial closure. 

3. The cord emerges from the abdominal wall at the upper, outer 
margin of the wound, and care is taken to place several sutures lateral 
to the new position of the cord, so that a ring of fixed size is constructed. 
While the cord can be brought out interstitially, as in the Bassini opera- 
tion, we find it neater and tidier to bring it out subcutaneously, and find 
that this also allows for a stronger reconstruction of the aponeurotic 
layer. 
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REMOVAL OF THE ENTIRE SHAFT OF THE FEMUR 
WITH COMPLETE RECOVERY 


JOHN J. JONES, M.D., WILMINGTON, DEL. 


HE case report presented is an interesting description of a complete diaphys- 

ectomy for acute osteomyelitis of the femur in a child, performed by a rural 
surgeon in 1889. Without benefit of radiographs, antibiotics, or transfusions, 
but with the physician’s fine regard for sound physiologic principles, successful 
regeneration of the femur occurred, as shown by the autopsy specimen recovered 
22 years after the operation when the patient died by drowning. 

According to Phemister,' subperiosteal resection of the shaft for extensive 
necrosis of bone was first introduced by Scultetus in the seventeenth century. 
The results have been variable, but the percentage of failures of regeneration 
of the shaft has been so high that the operation has justly fallen into disrepute 
except for its use on very special occasions. The operation should practically 
never be performed on a bone that is the sole skeletal support of the part, such 
at the humerus or the femur, since shortening, curvature, and a defect in the 
shaft will probably result. 

The manuscript to be presented was found buried in a desk by the author’s 
son, Dr. Lawrence J. Jones of Wilmington, Delaware. The femur removed at 
autopsy is now at the Alfred I. du Pont Institute. 

Dr. Jones graduated from the College of Physicians and Surgeons in Balti- 
more and spent several months as operating room assistant to Dr. William 
Halsted. Starting in private practice in Frostburg, Maryland, he moved to 
Wilmington in 1893 and started a private hospital. He became one of the most 
prominent surgeons in his community. His death at the age of 75 was caused 
by septicemia, 6 days after an accidental puncture of his finger during surgery. 


CASE REPORT 


I present this case for the reason that I believe it to be of special interest, 
both because of its uniqueness and the fact that I can find no record of a similar 
case in the surgical literature. 

On July 27, 1889, I was called to see a child who at that time was but 2 
years of age. I found him restless, with slight elevation of temperature for 
which I could assign no cause at the time. His temperature increased to 
10414° F. by the fifth day, when it was discovered that the child could not move 
his right leg without evidence of pain and, on close examination, a slight amount 
of swelling extending over the whole length of the thigh was noticeable. There 
was no history of injury. 

Salicylate of soda and Antifebrin were alternately used to control his fever 
and the leg was kept on a cushion, slightly flexed and elevated. The swelling, 
however, kept on steadily increasing, though the fever disappeared about the 
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end of the second week. The antipyretics were discontinued and the patient was 
comparatively free from pain as long as he was allowed to remain undisturbed. 

As the disease manifested no tendency to localize itself at any particular 
point, I concluded at the end of the third week to bandage the leg. This kept 
the swelling from increasing, but made it more painful. On August 28 I decided 
to use an aspirating needle to find out the nature of the fluid contained in the 
swelling, and while trying to pick out the spot most favorable to insert the needle. 
using slight pressure with my fingers on a point.at the upper third of the thigh, 


Fig. 1.—John J. Jones, M.D., 1855 to 1930. 


I felt a grating sensation. To my great surprise I discovered that it was possible 
to bend the leg with the use of but little force, and found ecrepitus, showing com- 
plete destruction of the femur at that point. 

Having satisfied myself that there was extensive necrosis of the bone, I 
prepared to operate and remove a small portion of the diseased bone and wire 
the 2 ends together, giving the child a chance to get well with a leg 2 or 3 inches 
shorter than the opposite limb. I was afraid, however, that the disease extended 
over the whole length of the shaft of the femur and that it would be necessary 
to resort to some other procedure. 
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The thigh presented a condition which convinced me that the extensive 
periostitis and the formation of pus under the periosteum had separated it most 
entirely from the bone, as it fluctuated at all points, indicating the presence of 
fluid. I may be open to severe criticism at this point for not proceeding at once 
to amputate at the hip joint, but I had an idea that if I found the periosteum 
with its internal layer not in a disorganized state, the bone could be substituted 
by a material that would be absorbed, and I could see no reason why the re-for- 
mation of the entire bone would not take place, thereby saving the child from 
becoming a eripple for life. 

On September 5, assisted by my friend Dr. T. Griffith of Frostburg, I made 
a long incision down between the rectus and vastus externus muscles, and about 
a pint or more serum and pus escaped. The whole shaft was found in a necrosed 
condition extending from the lesser trochanter down to within 114 inches of the 
knee joint, and with the exception of a 214-inch piece, the balance was nothing 
but a necrosed shell showing more destruction of bone structure on the inside 
than on the periosteal surface. 

Evidently the disease had started in the interior of the bone (in the medul- 
lary canal). The periosteum had been separated from the bone with the excep- 
tion of a few points of insertion of muscles along the linea aspira. I succeeded 
in removing all of the bone without producing much injury to the periosteum. 
Having removed all the bone and having euretted some patches on the periosteum 
which presented an unhealthy fungoid appearance, I washed out the cavity, 
first with a 1 to 1,000 and then a 1 to 2,000 solution of the bichloride of mercury 
and then drilled a hole in the stump at the knee and another through the upper 
stump at the lesser trochanter and inserted a strong silver wire extending from 
one stump to the other, taking care to have the new boneless thigh correspond 
with the other limb in length. 

Between the 2 strands of silver wire extending from one stump to the other 
I placed a roll of catgut suture and poured in around this a large quantity of 
boraciec acid. My object in using the roll of catgut was to replace the bone 
removed by something of nearly the same size and to maintain the proper shape 
of the leg until there would be new formation of bone substance. The object 
of the silver wire was to help to keep the proper length of the leg. I expected 
little extention to be kept up, and there were ends of muscles without any attach- 
ments to anything but periosteum, and since that was extremely frail, I thought 
there was some danger of the leg becoming deformed at both upper and lower 
stumps. The 2 heads of the gastrocnemius attached to the condyles would draw 
the lower stump backward and the psoas muscle would draw the upper stump 
forward, so the silver wire was of considerable importance in this operation. 

The next problem was whether or not it would be safe to close up the per- 
iosteum and the external opening and put on a dressing that would not require 
any change until the leg became well. This was what I had intended to do, 
but if there were any pus germs lurking either in the upper or lower stump or 
in the patches on the periosteum that presented a fungoid appearance, there 
would be an accumulation of pus which would be a serious matter. I therefore 
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thought it would be safer to use 2 small drainage tubes, one inserted in the pos. 
terior part of the leg so that if any pus formed it would drain off quite easily. 
Another tube was inserted into the anterior part of the leg. I sewed up thx 
wound and dressed it in the usual antiseptic way, and applied an anterior felt 
splint extending from the ankle to the crest of the ilium, using a bandage 
around the body to keep the upper part of the splint in position. 

The little patient had a good night’s rest following the operation. In 48 
hours I found the dressing wet and removed it, and found a quantity of serous 


Fig. 2.—Photograph of femur removed at autopsy after patient’s death by drowning at 
age 24. The distal end of the femur was partially destroyed when it was allowed to boil dr) 
in removal of adherent tissue. 


fluid coming from the drainage tubes. I irrigated the wound with a weak car- 
bolie acid solution and put on a new dressing. In 3 days the same procedure 
had to be repeated, and at this time, which was 5 days after the operation, | 
withdrew the drainage tubes and the serous discharge ceased, and everything 
progressed very satisfactorily. I removed the dressing approximately every 9 
days to see that everything was in proper shape, as it was quite impossible to 
prevent the child from shifting the splint more or less to one side or the other. 

On October 29 I removed the splint and dressing for good. On November 
17 the child was allowed to stand on his leg and by November 26 he was able 
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to walk with considerable ease, but was kept on his back in his couch most of 
the time for about 2 weeks longer so as to allow the new bone to become firm. 
By the middle of December the child was able to walk with but little lameness, 
and to all appearances was the very picture of health. He was given the Syr. 
Hypophosphites in rather large doses for about 6 weeks following the operation. 
The shape of the leg appeared to be quite perfect except that the new bone was 
a little thicker than that of the other leg and half an ineh shorter. 


Fig. 3.—Radiograph of femur. 


I reported this case in the International Journal of Surgery, January, 1890. 
I have been watching the patient ever since with a great deal of interest. Nearly 
6 years have elapsed since the time of the operation, with quite natural develop- 
ment of the bone as the child developed, except for a slight deficiency in the 
growth of the external condyle causing genu valgum. For 1 year after the opera- 
tion I did not notice any of this change but within 2 years it was noticeable and 
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has been gradually increasing. The probability is that the circulation was n 
re-established to the external condyle to the same degree as to the interna! 
condyle and consequently the former is not nourished as well. If this deformi 
continues to inerease, it can be easily corrected by osteotomy. 


The success attained in this case taught me a valuable lesson and has been 
the means of my making the attempt, and with success, to save a number of 
fractured limbs when the bones were badly splintered and the muscles torn, 
with barely enough circulation left to keep the limb warm. I do not intend 
to amputate a leg or an arm when the flesh is not severely crushed and cireula- 
tion is not cut off without first making an effort to save the limb. The ends of 
torn muscles may be brought together and sutured. The same is true of ten- 
dons. Where some of the large and important nerves have been cut, the ends 
ean be brought together and, if carefully sutured, will unite. Where large 
pieces of bone have been separated, the space ean be filled with a material that 
will be absorbed and the space will be replaced by a new formation of bone 
substanee. Of course, in these days of advance Listerism it is expected that 
no surgeon would attempt this procedure without having the wound and 
material used rendered thoroughly aseptie. 
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